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Comment Response to EPA comments on Present Landfill Wetland Mitigation Plan
Final Draft Interim Measure/Interim Remedial Actxon for IHSS 114 and RCRA Closure of the RFETS Present Landfill, February 2004

Rocky Flats Envuonmental Technology Site

EPA Comment

K-H Response

1. The plan does not include or refer to corresponding scale drawings
with proposed construction cross sections of the site. The drawings are

needed in order to demonstrate compliance with the proposed mitigation.

Drawings were completed for the Final Draft IM/IRA Wetland Mitigation Plan but were
inadvertently left out of the Final Draft transmitted to the agencies. These figures are
now included in the Final IM/IRA Wetland Mitigation Plan.

2. Appendix F, Page 6: Performance Objectives, Success Criteria. The

document indicates that the objective is to establish an area of emergent ..

wetland with 40% native species. This presumes that 60% will be non-
native species. This is federal property and the performance goal should
be to achieve a much higher percentage of native species. It is
recommended that the performance goal be to establish the areas using
container plantings on one-foot centers using of native species only.

We can increase the percent of relative cover of native species to-70%. With respect to
the use of container plants on one foot centers, we do not agree that this is a reasonable
requirement for the following reasons:

1. The wetland area that will be temporarily disturbed is currently dominated largely
by cattails with some coyote willow. Since we are just covering these plants with
soil temporarily, it is likely that the root systems of these species will still be alive
once the soil is removed. So these species will come back on their own.

2. In order to minimize wetland disturbances we will not dredge the cattail and coyote
willow root systems from the area.

| 3. The wetlands surrounding the remainder of the East Landfill Pond are currently

dominated largely by cattails (see the photo on the cover of the wetland plan).
Therefore, it is reasonable to assume that if the root systems that were covered by
soil temporarily do not re-establish the cattails in the disturbed area, that vegetative
reproduction and/or seed germination will'shortly re-establish the cattails.

4, We will seed the species listed in the wetland mitigation plan, but if cattails out-
‘compete these species, which will likely occur, there is no plan to remove the
cattails. The cattails are native species and currently dominate the pond vegetation.

3. In addition, the plan should state that weeds will be managed as a
success criteria for the five year period and should be less than 5%.

We will add the following statement to the plan:
Noxious weeds (as defined by the current Colorado Noxious Weed Act) will be managed
during the 5 year establishment period to comprise no more than 5% relative cover at the

| in-situ mitigation area.

4. Appendix F, Page 6: Rationale for Choice. The plan indicates that
off-site mitigation is preferred since on-site mitigation in the form of
widening the pond is not possible. Although it is not readily apparent as
to why widening the pond is not possible, it is also noted that the East
Landfill Pond has not been characterized and the ecological risk
assessment associated with the pond is to be completed at a later date.
Therefore, it is not known whether it would be appropriate to expand
habitat in the immediate area. However, on site wetland mitigation
would be preferable with other on site areas, such as No Name Gulch,

The possibility of widening the pond may be explored, however, the fact that the landfill
cover will wrap around the inlet area, both to the north and south, may preclude this as a
possibility. There is no water available to support additional wetlands in No Name
Gulch. We will still consider use of the off-site mitigation if necessary.

PLF Wetland Mitigation Plan.R1
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considered as possible alternatives.

S. Appendix F, Page 9: Wetland in-situ Mitigation Site Plan. The
wetland vegetative community in the area of permanent impact should be
specifically described (i.e., dominant plant community) and the same or
better quality plant community should be replanted as mitigation (i.e.,:
similar species in similar numbers). The same is true for the temporary
wetland impacts. For example, EPA does not want typha to repopulate
the site when more diversity is possible (see Appendix F, Comment No. 2
above). -

We will add a statement to the plan that lists the wetland species present in the area of
permanent impact.

With regard to the cattail (Typha sp.) issue, see comment response Number 2. Because
cattails currently exist in the wetland area to be disturbed and are found around the entire
pond edge, it unlikely that even if other species are seeded, they will be able to
outcompete the cattails. If cattails return, the same quality plant community that was
there.before the accelerated action is retained.

6. Appendix F, Page 10: Contingency Measures. The plan must state a
commitment to contingency plantings within the next year of any

We will add a statement to the contingency section of the plan that states that additional
seedihg will be conducted within the year, if problems with wetland vegetation
establishment are observed. :

reported problems (i.e., new plantings within the year).

PLF Wetland Mitigation Plan.R1
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Environmental Protection Agency Comments on Responsiveness Summary
Final Draft Interim Measure/Interim Remedial Action (IM/IRA)
for Operable Unit 7 {HSS 114) and RCRA Closure of the RFETS Present Landfill

Comment
No. (ref)

Comment

Response

Original
Comment
1

The document does not present an adequate level of detail and information to
allow for independent evaluation and cannot be considered acceptable as a
Closure Document. This document should serve as a stand-alone document |
for inclusion in the Administrative Record. In particular, Sections 2.0, 2.6, and
4.0, do not provide the reviewer a clear understanding of the landfill source,
the current condition of the landfill to be able to properly evaluate the
proposed alternative, the setting that the landfill may have impacted, and the
nature and extent of contamination. Instead, the document includes a citation
to previous documents, which do provide more detail. The information
presented in this document does not provide an adequate transition or update of
the information from the previous drafts. It is agreed that in some cases it is .
appropriate to cite existing information, however, previous documents, such as
the Final OU7 Work Plan Technical Memorandum (DOE 1994) and. the OU7

| Revised Draft IM/IRA Decision Document and Closure Plan (March 1996),

presented key information it appears that has not been used to support closure
at the site. It is reccommended that previous information as presented in the
historical documents, as cited above, be reviewed and used as a guideline for
providing a document that can be considered acceptable for Closure purposes.

The proposed action is to close the Present Landfill with a RCRA Subtitle C
compliant cover. This closure implements the CERCLA presumptive remedy for
the Present Landfill (the source of contamination) as source containment, and
complies with the substantive requirements for closure RCRA Subtitle C. Under
the CERCLA presumptive remedy guidance, operational history, process
knowledge and existing characterization data are usually sufficient to determine
whether the source containment remedy is appropriate. This information is
extensive for the Present Landfill and the level of detail necessary for the source
containment remedy is provided in this IM/IRA, specifically in sections 2.3-2.6.
Additional characterization of a landfill’s contents is not necessary or cost-
effective; rather, existing data are used to determine whether the containment
presumption is appropriate (per OSWER Directive 9355.0-49FS). In addition, a
detailed description of the nature and extent of contamination is not warranted. A
comparison of the existing data to RFCA Action Levels is provided in the IM/IRA
to determine if an accelerated action, beyond containment would be required.

EPA
Comment
to

Response
1

Please clarify the discussion/description of the RFCA screening methodology
to include definitions of each value, the sequence or other strategy that each
value is used (e.g., background comparison for only metals and radiological
completed prior to Tier II vs Tier I, surface water standards), and a discussion
of the locations for the background used in the comparison (for each media).
Frequency of detection tables should be presented to resolve many of the
outstanding comment response issues (as indicated in the example provided to
DOE contractors at the January 21* meeting).

The data screening process consists of the following steps:
1. Extract all of the real and QC data from both SWD and LIMS based on
location, RIN, bottle number, project ID, sample number and line item code.

2. Clean up the data (transformation) by inserting the correctly spelled analyte
name, depth units, and matrix types.

3. Generate data summary tables: consisting of posting tables, sum of ratio
tables and summary by analyte tables depending on the media of interest.
e Data include only those values which have not been rejected in the
validation step and those which are not marked as No Longer

Response to EPA Comments Response.R2
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Comment -
No. (ref)

Comment

Response

Representative (NLR).
o For soils, the data is split based on sample end depth into surface soil and
subsurface soil data.
¢  All results are marked as detect or non-detect based on the result qualifier
flags supplied by the laboratory.
o  For inorganics and radionuclides, the result is compared to the
appropriate media background means plus two standard deviations.
For organics, the result is compared to the MDL or RL.
The result is then compared to the media appropriate action level from
RFCA.
This process has been implemented for all accelerated actions since January 2002
and is documented in the IASAP and BZSAP. Background locations are in the
IASAP and BZSAP, Appendix F. These background values were originally
reported in the Geochemical Surface Soils: Background Soils Characterization
Program and the Background Geochemical Report.

Tables that show summary statistics, including frequency of detection, have been
provided in Appendix E for soil because the previous data tables show only
detections. For groundwater and surface water data, Appendix D shows all of the
data where an analyte was detected at least once; therefore, summary tables
provide limited value because of the comprehensive nature of the data
presentation. However, it is clear that the request for summary tables is one of
providing a complete picture of the analytical program. Therefore, tables have
been prepared for soil, surface water, and groundwater that describe the analytical
program for each medium. These tables are attached to these responses.

Original
Comment
3

The discussion of the ecological setting, as presented in Section 2.5.9, provides
only a partial description of the ecosystem in the immediate vicinity of the
landfill and does not provide enough detail to document the baseline
environment in order to satisfy the evaluation of alternatives resulting from
any of the proposed actions. The description should be expanded to include a
more specific description of the habitat and include diversity of plant
populations, populations of mammals, and waterfow! and other avian species,
that use the landfill and the surrounding ecosystems. The ponds, wetlands, and
associated intermittent drainages should also be described in detail. A figure

Section 2.5.9 regarding the Ecological Setting has been revised to provide more
detail regarding vegetation and wildlife in the area of the Present Landfill.

Page 2 of 11
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Comment Comment Response
No. (ref) :
which delineates the landfill, No Name Gulch, and all surrounding habitat
types should be included in the report.
EPA The description added to the report is appropriate, however, a figure which Figures were inadvertently left out of the final draft Wetland Mitigation Plan and
Comment | documents the wetland areas should be added. have been included in the final IM/IRA and the Wetland Mitigation Plan.
to
| Response
3
Original | The manner in which the discussion and comparisons to RFCA Action Levels | The surface water action levels and standards are based upon Colorado Water
Comment | and Water Quality Standards are made should be clarified throughout the Quality Control standards for Walnut Creek segments 4a and 4b, which include
4 document. For example, the document suggests that there are few or no standards for protection of aquatic life when more conservative than the human
exceedances to the RFCA Action Levels or ‘Surface Water Standards,’ { health based-standard. Although ground water action levels are based on
however, it appears that the benchmarks are associated to an evaluation of protection of human health, evaluation of risks posed by contaminants in ground
human health, and ecological impacts have not been evaluated. For éxample, | water includes protection of surface water quality. The RFCA Parties have not yet
Table 3 indicates that there only three ecological Action Levels, however, the | agreed to ecological receptor soil action levels (which also apply to sediment) for
text suggests that there are no ecological action level exceedances and does not | all analytes in Table 3, but work is continuing in this regard. The IM/IRA Table 3
address or identify that the evaluation of ecological receptors is incomplete does not list the ecological receptor soil action levels, but these action levels are
since only three ecological Action Levels were used. established in RFCA Attachment 5, Table 3, Soil Action Levels for some key
analytes listed in IM/IRA Table 3. The analytes are arsenic, beryllium, lead,
vanadium, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoanthene,
benzo(k)fluoanthene, 2-butanone and toluene. Except where the ecological
receptor soil action level is set at the analyte’s background concentration (e.g.,
' lead), the measured concentrations are well below the action levels. (See also
IM/IRA Attachment D for comparison of analytes found in soil samples to the
existing ecological receptor soil action levels). Also, several analytes with
existing ecological receptor action levels were not detected above background in
sediment or soil. Based on this information, it is not likely that the landfill poses
an unacceptable risk to ecological receptors. DOE has determined that the source
containment accelerated action will be protective of ecological receptors in the
long term. However, Ecological risks will be evaluated in the Accelerated Action
Ecological Screening process for all analytes that are assigned ecological soil
. , action levels and in the Comprehensive Risk Assessment.
EPA Since the Accelerated Action does not address the Landfill Pond, conclusions | The existing comment response number 4 will be replaced with the following:
Comment | in the document related to exposures associated with potential contamination “This IM/IRA addresses only the accelerated actions required for the Present
to in standing surface water and accumulated in sediments should be avoided and | Landfill and the Present Landfill seep. The East Landfill Pond and OU-7 (Group
Response | deferred to the CRA. 000-5) is not addressed in this IM/IRA but will be included in the accelerated

Response to EPA Comments Response.R2
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Comment Comment Response

No. (ref) .

4 action ecological screening process and additional accelerated actions will be
taken if required. Ecological risk will be evaluated further in the CRA and the
site-wide RCRA Facility Investigation-Remedial Investigation/Corrective
Measures Study-Feasibility Study (RI/FS) including OU-7.”

Original | Details regarding surface water flow as it relates to groundwater seeps and Additional information on the aquatic habitat found at the East Landfill Pond has

Comment | discharges have been presented in other sections, however, the description of | been added to the Ecology description in section 2.5.9, as well as a description of

5 the surface water and aquatic resources associated with the landfill does not - | No Name Gulch.

provide enough detail to document the aquatic ecosystems at the site. For
example, it is stated that the intermittent nature of North and South Walnut
Creek “do not support sizable amounts of aquatic species”. However, no other
description of North and South Walnut Creek has been provided and a.
conceptual site model for evaluating ecological exposure and risks at the site
has not been provided. In addition, there is no discussion of the terminal or
receiving water bodies for ultimate discharges of the creeks to offsite
resources. The baseline aquatic habitats and existing condition of No Name
Gulch, North and South Walnut Creek, and the East Landfill Pond should be
clearly established for evaluating ecological risk at the site. The aquatic and
semi-aquatic (i.e., amphibians and waterfowl) populations associated with the
water bodies should be described to meet this objective. Revise the document
to include a conceptual site model and provide additional details regarding the
open water habitat and aquatic ecosystem associated with the East Landfill
Pond. The section should be expanded to include a figure to delineate the
seeps, ponds, wetlands, drainages, and creeks in the context of the habitat.

North and South Walnut Creek are not connected to No Name Gulch except
beyond the point at which they have previously joined to form Walnut Creek.
Therefore, since there is no direct connection to No Name Gulch, North and South
Walnut Creek are irrelevant for a Present Landfill discussion.

Ecological risk will be evaluated in the Accelerated Action Ecological Screening
Process and in the Comprehensive Risk Assessment.

EPA

“Comment
to
Response
5

The last paragraph in Section 2.5.9 presents general aquatic information
associated with the site and a brief description of the East Landfill Pond.
However, the description of the aquatic status of No Name Gulch is found in
the wetlands portion of the document. It is recommended that Section 2.5.9
include a specific subsection to describe the >Aquatic Resources= and include
a map of the wetlands described in section 2.5.9.6. The request is being made
to ensure that the baseline conditions of No Name Gulch and the wetlands are
documented, '

The aquatic and wetland resources of No Name Gulch are not being impacted by
the Present Landfill Project and no impact is expected after implementation of the
accelerated action. Currently No Name Gulch receives no water from the East
Landfill Pond, so the aquatic and wetland resources in No Name Gulch are
essentially isolated from upstream activities. The East Landfill Pond will remain
in place after the project is completed and it is unlikely that releases from the
Pond will be made in the future due to evapotranspiration. Additionally, should
an evaluation of the wetland resources be desired in the future, the 1994 U.S.
Army Corps of Engineers wetland map (the current wetland map used at the Site)
will be available to evaluate any wetland impacts. No aquatic resource data is
known to be available in the Ecology data from the Site because this drainage has

Response to EPA Comments Response.R2
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Comment Comment Response
No. (ref) ,
not been sampled since it is a dry gulch except after storm events. The text of the
‘ IM/IRA will be modified to note that aquatic sampling has not been conducted in
the No Name Gulch drainage. '
Original | The design of the cover does not include sufficient detail to be properly This IM/IRA does serve as the Closure Document for the Present Landfill and

Comment | evaluated. Features and minimum thickness of each layer must be described. provides a conceptual description of the proposed action (see Section 4), meeting
11 Each cover component, its function, design criteria, and how the design meets | the requirements for closure under 40 CFR 265 (see Section 6). The design of the
: the design requirements must be presented in the document. Considerations . | accelerated action will provide detailed design drawings, specifications and
include, but are not limited to, erosion protection, infiltration, runoff quality control procedures for the construction of the cover.
protection, frost protection of the GCL layer, biota barrier, vegetation, and
longevity of all cover components. However, the proposed cover configuration has been modified above the
geosynthetic liner to provide a vegetative cover (See attached cover cross-
A section). ;
EPA EPA's comment, and continued concern, is not related to aesthetics as eluded A discussion of the two foot cover has been added to Section 5 of the Final
Comment | in the DOE response. CERCLA requires that the remedy should not resultin | IM/IRA to provide the technical basis two feet of Rocky Flats Alluvial soils on top
to extensive long term maintenance costs. The proposed soil cover depth does of 1 foot of rock (with fines) and a 10 —inch soil cushion layer. This cover
Response | not appear to be adequate to support the proposed vegetation. EPA requests configuration provides for 46 inches of rooting zone for the vegetation. Details of

11

that standard, low-cost physical soil testing (e.g., measure moisture holding
capacity, pH, nitrogen) be conducted to ensure that the proposed depth (i.e., 2
feet) is suitable for the vegetation proposed for the cover.

Extensive local experience and research suggests the proposed cover depth will
result in a high level and increased costs associated with long-term
maintenance (research available in Rocky Flats DOE field office and can be
provided as requested). In addition, the FWS has stated they will not take
secondary jurisdiction of this area as an overlay to the Refuge unless soil depth
is adequate to support the proposed vegetation. ‘It is likely that the proposed
soil cover depth will result in substantial long-term costs that could be avoided
with the proper soil characterization and application of additional depths of
soil cover in order to support vegetation. The IM/IRA should document the
supported technical rationale (soil characterization data) for the proposed 2
foot depth, or revise the conceptual composite cover figure and associated text
to indicate the top layer soil depth may be from 2 to 4 feet, with an indication
that the Afinal depth is to be determined during the design based on borrow
area soil characterization data@. '

the seed mix are a design issue that will determined through the consultative
process during design discussions and review.

Page Sof 11
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Comment Comment Response
No. (ref) :
Original | As long as there is a discharge to waters of the US/State, under the CWA, The IM/IRA describes the monitoring requirements for the seep. The text states
Comment | monitoring and reporting must be conducted, regardless of whether there is an | that during the CERCLA periodic review, the RFCA parties will evaluate whether
19 exceedance of water quality standards. Under the CWA , a discharge without a | continued monitoring is required after a proposed sampling period. The time
permit is a violation of the Act. This discharge must be covered in perpetuity | frame itself does not mean that sampling could discontinue automatically. The
by an NPDES permit or equivalent under CERCLA in order to comply with evaluation will include a thorough data analysis. The appropriate regulatory
the requirements of the CWA, not just for two years. requirements will be followed if there is a discharge of a pollutant to waters of the
» State/US.
EPA The Response incorrectly states that appropriate regulatory requirements will The response to comments will be revised to remove “of a pollutant.” The text in
Comment | be followed if there is a discharge of a pollutant to waters of the US (emphasis | Section 6.4.2.3 allows for surface water monitoring beyond the first CERCLA
to added). The Clean Water Act requires that any discharge to a water of the US | review upon-review by the RFCA parties and does not establish a timeframe for
Responsé | be monitored regardless of whether it is >thought=to be polluted (i.e., if a ending the monitoring of the seep. '
19 discharge is not monitored then it could not be determined whether the
discharge contained a pollutant). Revise the document to ensure the The point of compliance for No Name Gulch drainage will continue to be at
regulatory requirements are understood and correctly presented. Monitoring of | Walnut Creek and Indiana Street.
this surface water point of compliance is required, in perpetuity, which is how : :
it must be reflected throughout the responsiveness summary and revised
IM/IRA.
Original | Section 2.5.9, Page 22. The text indicates that there are no Threatened and T & E plant surveys were conducted in 1992, 1993, and 1994 in all the drainages
Comment | Endangered (T&E) plant species have been found in the vicinity of the landfill. | at RFETS. They looked specifically for the Ute Ladies-tresses Orchid and the
23. Please document whether US Fish and Wildlife (USFWS) or state wildlife Colorado Butterfly Weed plants. The USFWS survey methods for each of these
personnel have been involved in documenting the presence/absence of T&E species surveys were followed. Additionally, 10 years of wildlife surveys (bird
species and indicate whether other non-plant T&E species have also been surveys and relative abundance surveys) and several years of floristic surveys
surveyed in the area. (high value vegetation surveys) in the vicinity of the landfill have never
documented any T&E species at or near the Present Landfill. Small mammal
trapping was conducted near and around the East Landfill Pond during late 1995
and in 1996. No T&E species (i.e. Preble’s mice) were captured.
RFETS has submitted annual reports to the USFWS which document trapping
activities related to the Preble’s mouse. The USFWS has reviewed the reports and
. the information was entered into a database.
EPA Please add the information to the IM/IRA to document the coordination with Text has been added to Section 2.5.9.8 to reflect the coordination with the
Comment | US FWS. USFWS.
to

Response to EPA Comments Response.R2
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Comment
No. (ref)

Comment

Response

Response
23

Original

Section 2.6.1 and 2.6.2, Page 23. The last sentence in both of the subsections

The reference is correct. Please see Section 13. RFCA is modified from time to

Comment | indicate that all potential contaminant concentrations are below RFCA Soil time and the reference includes all modifications to date, including the 2003
25 ALs as referenced in a DOE et al, 1996. The rationale for using the 1996 modification to RFCA Attachment 5. The text also clearly states that the
levels for this comparison has not been discussed. In addition, comparison of | comparisons are to WRW ALs, which did not exist in 1996. Furthermore, the
the detected concentrations to ecological ALs has not been conducted. Revise | footnote to the reference infiicates that' ecological risks‘will be evaluated i.n the.
the text to discuss the relevance and availability of ecological action'levels and | Accelerated Action Ecological Screening Process and in the Comprehensive Risk
expand the document to include an evaluation using ecological ALs. . Assessment.
Alternatively, the document should be revised to indicate that the ecological
risk assessment associated with the landfill has not been conducted as part of
this effort and will be included in the Comprehensive Risk Assessment.
EPA The ecological screening approach is not defined in the IM/IRA. Since The response to the comment has been revised by deleting the last sentence and
Comment | portions of the remedy are being deferred and will ultimately consider and use | adding the following: “This IM/IRA addresses only the accelerated actions
to the assessment of ecological risk as part of the remedial decisions, the required for the Present Landfill and the Present Landfill seep. The East Landfill
Response | ecological screening approach should be provided in-more than just a footnote. | Pond and OU-7 (Group 000-5) is not addressed in this IM/IRA but will be
25 Revise the document to include the a clear definition of the approach for included in the accelerated action ecological screening process and an additional
evaluating ecological risk. acclerated action will be taken if required. Ecological risk will be further
evaluated in the CRA and the site-wide RCRA Facility Investigation-Remedial
Investigation/Corrective Measures Study-Feasibility Study (RI/FS) including OU-
7”7 ,
Original | Section 2.6.3, Pages 23 and 24. The history of groundwater monitoring is not | A reference to Appendix A will be provided in this section, which provides the
Comment | clear. For example, Page 22 indicates that a groundwater monitoring program | history of groundwater monitoring at the Present Landfill and includes the number
26 of wells, the type of analytes sampled and the regulatory basis for conducting

began in 1986 and a formal groundwater evaluation was conducted in 1988,
and includes a discussion of elevated levels of major anions and salts. The

.| intent of the investigation is not evident by the discussion presented. It should

be clarified whether a full suite analyses was conducted and only ions were
detected or whether only ions were analyzed. The text should be revised to
indicate the rationale for monitoring, which regulatory program that the
groundwater monitoring was initiated (e.g., RCRA, NPDES), and the analyses
required at that time. -

groundwater monitoring.

Page 7 of 11
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Comment
No. (ref)

Comment

Response

The three seeps and sediment sample locations associated with the Present
Landfill should be more clearly identified on Figure 2. Also; a contingency
should be placed in the compliance monitoring plan which states that if
exceedences occur in the major seep, additional sampling will occur in other
seeps along the landfill.

Construction of the RCRA equivalent subtitle C cover over the Present Landfill
area will include those areas where intermittent seeps have existed in the past. As
a result, intermittent seeps will no longer be present at the Present Landfill.

EPA
Comment
to

Response
26

Identification of the historical seep and sediment locations is requested since
they are discussed in the text and it appears that data from certain seeps is not
provided with a selection of other historical seeps. The IM/IRA should
document the locations of previous discharges in the context of defining
potential areas of migration, and fate and transport pathways to the adjacent
watersheds and the surrounding environment. Locating the seeps on the
figures will also document that the presumptive remedy cover will actually
addressed the seep areas (as indicated in the response). The reluctance to
provide a careful and accurate depiction of the existing conditions at the
landfill is not understood. EPA is willing to work with DOE on clarifying the
specific information that is needed in order to insure that a clear record of the
actual and potential contamination at the landfill is presented. The information
is important in order to establish the baseline conditions prior to the remedy
and to insure that the information presented in this document does not conflict
or omit historical information documented in other more complete reports in
the Administrative Record.

The response implies that construction of the RCRA subtitle C cover over the
locations of the intermittent seeps will eliminate the seep issue. The cover may
remove the seep from view, but, unless the cover design specifically provides
for managing the seep water, the seep water will undermine the integrity of the
cover and may result in local failures of the cover. Handling of flows from the
intermittent seeps must be addressed in the cover design.

Only one intermittent seep has been identified at the northeastern side of the
landfill as referenced in Section 2.5.7.1 and shown on Figure 2 in the IM/IRA.
Upon close inspection this is an area that receives a considerable amount of
surface water flow from the existing soil cover of the landfill and does not appear
to be a seep from inside the landfill. This perceived seep has been reported to
flow only during heavy rainfall events and has not been sampled.

The design of the cover of the landfill includes a drainage layer under the liner on
the east face of the landfill to manage any landfill water in this area. The details
of the drainage layer is included in the design and will be discussed in future
discussions on the landfill design.

Original
Comment
29

Sections 2.6.5 and 2.6.6, Page 31. It is indicated that concentrations of
inorganic analytes are above background levels based on inferential statistics.

'| The location of the background surface water and sediment samples have not

been described and it is not evident that use of statistics for this comparison is
appropriate. Please clarify the rationale and data quality objectives for this

analysis. In addition, the last sentence of Section 2.6.5 indicates that none of
the analytes exceed the RFCA soil ALs as presented by DOE et al, 1996. The

The text references the OU 7 Final Work Plan Technical Memorandum, which
provides the details of the background comparison. Comparison of sediment
contaminant concentrations to WRW ALs is appropriate because the surface water
regime in the future at RFETS is not completely known, and the sediments could
become exposed and therefore is evaluated as soil in accordance with RFCA
Attachment 5 with respect to the wildlife refuge worker’s exposure to this
medium. As with surface and subsurface soil, ecological risks will be evaluated
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Comment Comment Response
No. (ref) :
comparison of sediment concentrations to soil action levels is not appropriate. | in the Accelerated Action Ecological Screening Process and in the Comprehensive
Please discuss potential for ecological exposures and revise the document to Risk Assessment.
include sediment action levels. Alternatively, provide the rationale and
justification for using soil action levels to evaluate sediment exposures.
EPA The rationale for using the WRW Als for comparison to the sediment standards | Pond and pond sediment discussions have been removed from the IM/IRA. Asa
Comment | is appropriate, however, please provide the discussion of the approach and use | result, the comment response should be changed to indicate the current response is
to of all Action Levels in the IM/IRA document and clarify that ecological based on the public comment version dated September 2003. And then the
Response | screening in the CRA will address appropriate ecological sediment exposures. | following will be added to the end of the comment response, “However, this
29 f IM/IRA addresses only the accelerated actions required for the Present Landfill
and the Present Landfill seep. The East Landfill Pond and OU-7 (Group 000-5) is
not addressed in this IM/IRA but will be included in the accelerated ecological
screening process and an additional accelerated action will be taken if required.
Ecological risks will be further evaluated in the CRA and the site-wide RCRA
Facility Investigation-Remedial Investigation/Corrective Measures Study-
Feasibility Study (RI/FS) including OU-7.”
Original | Section 6.3, Page 63 , indicates that low levels of volatile organic compounds | The discussion of DCLs and ACLs centers on compliance with surface water
Comment | are slightly above the RFCA Attachment 5, Table 1 Surface Water Action action levels and standards regardless of their basis. If aquatic life water quality
37 Levels and Maximum Concentration Limits for drinking water. The document | criteria are lower than human health criteria, then the aquatic life water quality
should discuss comparison to ecological action levels. The paragraph also criteria are the action level/standards. When this is not true, then compliance with
infers that reduction in infiltration afforded by the installation of the cover will | the human health-based action level is protective of aquatic life. Appendix C does
subsequently prevent contamination that 'daylights' at the seep. Appendix C present all of the historical (SW097) and current (SW00196, SW00296, and
should be augmented to provide historical and current seep analyses compared | SW00396) seep data, and provides an assessment of this data relative to the
to aquatic life water quality criteria in order to support the conclusion as stated. | surface water action levels and standards.
EPA The comment was made because this information was not clear in the IM/IRA. | The following sentence has been added to the response to comment, “This
Comment | Please ensure that the information provided by the response is included. " | comparison is how Table 1 of RFCA Attachment 5 was developed. See also
to section 2.2 of RFCA Attachment 5.”
Response
37
Original | Section 6.5.2.3, page 66 , indicates that the effluent limits are the surface water | The effluent limits are the surface water standards applicable for the receiving
Comment | standards listed in RFCA Attachment 5, Table 1. Please specify that aquatic water as listed in RFCA Attachment 5, Table 1, and include the basis for the level
39 use water quality levels will be used as the limits for this evaluation. Itisalso | of the constituent in the 3 column of the table.
stated that VOCs and metals will be monitored at SW00196 quarterly for two
years. Surface water monitoring must be conducted in perpetuity. Historical The IM/IRA describes the monitoring requirements for the seep. The text states

Response to EPA Comments Response.R2
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Comment Comment Response
No. (ref) : .
information suggests that PCBs may have been disposed in the landfill. It is that during the CERCLA periodic review, the RFCA Parties will evaluate whether
recommended that sediment samples from the settling basin, and from either continued monitoring is required after a proposed sampling period. The time
beneath the seep or in the Landfill Pond, should be collected and analyzed in frame itself does not mean that sampling could discontinue automatically. The
order to determine the suite of chemicals of potential concern associated with | evaluation will include a thorough data analysis.
the Landfill Seep discharge. In addition, decomposition and degradation of
landfill wastes may result in changes in chemical composition or contaminant | The constituents currently associated with the Present Landfill seep and identified
levels that are discharging from the landfill. in this decision document are benzene and vinyl chloride. RFCA parties agreed
based on historical monitoring data for the seep that good indicator parameters for
changes in the seep water quality are VOCs and metals. PCBs were historically
sampled for in the seep in five separate events and never detected. If in the future
statistically significant changes to the seep water quality are observed, the RFCA
Parties will evaluate if the monitoring program or the seep treatment system
should be changed.
Historically the seep has been managed primarily as emerging groundwater, with
very low levels of constituent contamination from infiltration from the landfilled
waste, which flows into the pond. Other sources of water contribute to the landfill
pond. Previous response actions employing active and passive treatment of the
seep have been implemented for years to remove waste constituents prior to
discharge to surface water. Because appropriate treatment levels were established
in these actions, the water and sediments have had like impact from the landfill.
-Sediments were sampled in the mid 1990’s. Since the mid-1990’s, VOCs were
identified as the only constituents requiring treatment in the seep treatment
system. VOCs are not expected to have impacted the East Landfill Pond
, sediments,
EPA The response indicates that PCBs were historically sampled. The historical Tables that describe the analytical program for surface water and groundwater
Comment | sampling regime is difficult to evaluate or determine. Revise the document to | monitoring have been prepared and are provided as attached to these responses.
to include frequency of detection tables to provide a accurate understanding of all
Response | the work that has been conducted at the landfill.
39
Original | Section 6.6.2, Remediation Wastewater, Page 69, states that wastewater will be | Remediation wastewater is not expected during the construction of the cover,
Comment | characterized and may be discharged in accordance with requirements of the since the existing waste within the landfill will not be disturbed. However, if
41 Site's Incidental Waters Program. Please specify the analytical suites that will | wastewater were to be created, this wastewater would be managed like all other
be utilized to characterize the wastewater prior to determining ultimate on-site wastewater through the RFETS Incidental Waters Program where water is

Response to EPA Comments Response.R2
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Comment Comment - - Response
No. (ref) : : . A

discharge requirements. sampled for radionuclides, organics and inorganics and results evaluated for

appropriate management and disposition of the water.

EPA The response indicates that remediation wasteWater will be collected, The collection, characterization and transferring of remediation wastewater will
Comment | characterized, and transferred to an approved treatment unit for processing. It | follow the Sites Control and Disposition of Incidental Waters, Revision 3 (1-C91-
to is not clear where the collection, characterization, and transferring of EPR-SW.01) dated July 1, 2003 (attached for information).
Response | wastewater will occur. The design should identify means and methods for
41

implementing these proposed actions.

Page 11 of 11
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Final Interim Measure/Interim Remedial Action for the IHSS 114 Closure of the Present Land(fill

Response to Additional EPA Comments on EPA Response Summary Specific to Appendix D: Water Quality Assessment for the Present Landfill

Groundwater Analytical Program
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Final Interim Measure/Interiim Remedial Action for the IHSS 114 Closure of the Present Landfill
Response to Additional EPA Comments on EPA Response Summary Specific to Appendix D: Water Quality Assessment for the Present Landfill

Surface Water Analytical Program
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1.

PURPOSE

To protect water quality in streams and local waterways and to meet the National Pollutant

'Discharge Elimination System (NPDES) Permit and other regulatory requirements, this

procedure provides for the control and disposition of incidental waters originating from the
following Rocky Flats Environmental Technology Site (RFETS) sources and activities:

e Construction activities that require excavation below the ground water table and
subsequent ground water pumping.

e Natural collection and subsequent pumping of precipitation and storm water
runoff in excavations, pits, trenches, ditches, or depressions.

e  Collection of water in secoridary containments, process waste valve vaults,
electrical vaults, or manholes that require pumping.

o Discharge of water from the fire suppression system when the system has been
breached inside a Radiological Buffer Area or Contamination Area. '

e Other sources of water requiring disposal or management.

NOTE: The procedure Environmental Controls on Incidental Sprinkler Water Discharge, =

4-W85-FS-1206, is utilized to direct the control and disposition of fire suppression system
water discharges during routine system testing and maintenance. This procedure is
adequate-to address Surface Water concerns and no further exemption requests are
required, provided the system has not been breached within a Radiological Buffer Area or
a Contamination Area.

Waters that originate from a potable water source or from precipitation events and are -
collected in areas that have no potential for contamination may be provided a written
exemption. Areas with the potential for contamination include Individual Hazardous
Substance Sites (IHSS), material and waste storage or handling areas, and high traffic
areas.

For each incidental water, consideration will be given to treatment versus sampling and

- analysis and/or evaluation for discharge to the ground or storm sewer system when

determining the appropriate disposition. This decision will be based primarily on the
characteristics of the water. However, practical considerations such as costs of sampling,
analysis, and transportation; availability of transponatxon capacity of treatment facilities;
and project delays may also be considered.

OVERVIEW

The effective operation of the RFETS involves various water management activities that
may result in incidental waters (also termed “non-storm waters” by the RFETS NPDES
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4.

Permit) requiring on site treatment or discharge to storm drains or the ground. Incidental
waters may originate as precipitation, surface water, ground water, utility water, process
water, or wastewater. Such waters have the potential of contacting contaminants present at
concentrations exceeding acceptable levels. Such levels are based on those prescribed in
one or more of the following: Colorado State Water Quality Standards, the RFETS NPDES
Permit, the Rocky Flats Cleanup Agreement (RFCA, specifically, Attachment 5), and
applicable or relevant and appropriate requirements defined by the U.S. Environmental
Protection Agency or other regulatory agencies. The RFETS NPDES Permit provides
specific limitations on the discharge of incidental waters to the RFETS Wastewater
Treatment Plant (WWTP).

This procedure ensures that water originating from the activities and sources identified in
Section 1, is properly controlled, contained, sampled and analyzed (if required), evaluated,
and treated or discharged. This procedure is in agreement with the requirements of the -
RFETS NPDES Permit (CO-0001333, October, 2000) for the control and disposition of
incidental waters.

DEFINITIONS

Incidental Water. Precipitation, surface water, ground water, utility water, process water,
or wastewater collecting in one or more of the following areas:

o Excavation sites, pits, or trenches

¢  Secondary containments or berms

e Valve vaults

e  Electrical vaults

e  Steam pits and other utility pits

e  Utility manholes

. Other hatural or manmade depressions which must be de-watered

. Discharges from a fire suppression system which has been breached within a
Radiological Buffer Area or a Contamination Area.

LIMITATIONS AND PRECAUTIONS

Incidental water samples may be collected in radiological areas or confined spaces. Before
entering such an area, the Sampling Crew shall ensure that a Radiation Work Permit
(RWP), Beryllium Work Form (BWF) and/or Confined Space Entry Permit, if required and
appropriate, have been obtained for the arca. The Sampling Crew shall be responsible for
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6.1

6.2

6.3

following all requirements of the permit, including donning specified Personal Protective
Equipment (PPE). All members of the Sampling Crew entering the area shall have
successfully completed any required training,.

Incidental waters will be evaluated or characterized using process knowledge, to the extent
practical, prior to sampling. If the incidental water is suspected of having a potentially
significant concentration of a contaminant(s), the Sampling Crew will be informed by
Surface Water Operations of the potential hazards and the appropriate precautionary
actions.

If during the sampling of an incidental water, the Sampling Crew encounters hazardous
conditions which had not previously been identified and addressed via JHA controls, the

Sampling Crew SHALL stop work and immediately notify supervxsnon and Surface Water -
Operations, and area management, if appropriate.

PREREQUISITE ACTIONS

None

RESPONSIBILITIES AND TRAINING

Responsible Program Managers/Managers described in this procedure must ensure all
personnel are appropriately trained and qualified to perform the duties and responsibilities
of assigned tasks.

Activity Coordinators

Contact the Surface Water Operations (SWOps) group when incidental water as described
in Section 1, is encountered.

Activity Supervisors

(A] Contact SWOps when an activity (e.g., construction) causes or results in the
accumulation of water in an excavation area that needs to be managed.

(B] Contact SWOps before the start of an excavation activity in which water requiring
' removal or management is likely to be encountered.

Analysis Laboratory
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NOTE: The Analysis Laboralory is determined by Analytical Services Division.

Perform requested water analyses.

6.4 Emergency Services

Collect incidental water from fire suppression systems in appropriate containers/vessels to
facilitate accurate sampling and analysis, when collection is required.

6.5 Trucking Operations

Provide equipment, vehicles and labor as necessary, to pump, contain, and transport
incidental waters for treatment or disposal.

6.6 Industrial Wastewater Operations
Ensure that the following activities are performed as necessary:

e Obtain, transport, and deploy the necessary equipment to the field site
e Pump incidental water to a containment vessel ‘

o Transfer incidental water to appropriate treatment facility

6.7 ASD Analytidal Supporf Services Crew

Obtain required water samples as directed by Surface Water Operations.

6.8 Surface Water Operations

Determine whether the incidental water should be sent for treatment, or sampled.and
analyzed and/or evaluated for possible discharge to the ground.

If treatment of the incidental water is cost effective, practical and compatible with
acceptance criteria, contact the Facility Manager of the appropriate treatment facility to
coordinate transportation or discharge of the incidental water. :

If the incidental water is to be sarﬁpled determine appropriate sampling parameter
requirements, receive and interpret test results and/or analytical results. Make decision on
and obtain approvals for the disposition of the incidental water.
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71

Document the decision in the W databasc and maintain database to track all of the [W .
control activitics, including: pumping, containment, sampling, analytical results, transfers,
storage, and final disposition - (treatment or discharge). :

Maintain hardcopy files and database for the contro! and disposition of incidental waters.

INSTRUCTIONS

Identification of Incidental Waters

Identifying Individual ' '

1 Notify immediate supervisor upon identification of a potentially new source of
incidental water which requires control and disposition.

NOTE: The SWOps contact made in Step 7. 1 (2] should be made before the start of any
new excavation work, if possible.

Activity Coordinator or Supervisor

2] Contact Surface Water Operations, and submit an Incidental Water Discharge
Request Form (Appendix 3) for the new incidental water.

[A]  Provide any pertinent information available that may enhance SWOps
ability to evaluate IW water quality and/or determine the status of the new
water, including: location, volume, suspected contaminants, and relevant
historical information.

Surface Water Operations

3] Gather information about the water source, including a walk-down of the field
site, as practicable.

(4] Determine whether direct transfer of the water to a treatment facility is
appropriate and practicable based on the following criteria:

[A]  Ifthe incidental water can be adequately characterized utilizing historical
and process knowledge, determine the appropriate treatment facility and
obtain acceptance from the treatment facility manager without sampling

- and analysis of the water.



CONTROL AND DISPOstTION OF - | 1-C91-EPR-SW.01
. INCIDENTAL WATERS REVISION 3

July 1, 2003 PAGE 9

3]

(6]

(71

(8]

[B]  The appropriate treatment facility has adequate storage and treatment
capacity for the incidental water.

(C]  The necessary equipment and/or vehicles can be obtained in a timely
manner (i.e., without delaying operations beyond the expected delay for
sampling and analysis) to allow transfer of the incidental water.

IF all of the criteria in 7.1 [4] can be met,
THEN:

fA] Coordinate the transfer and treatment of the incidental water with the
appropriate treatment facility.

(B]  Exit this procedure.

* IF one or more of the criteria in 7.1 [4] cannot be met,

THEN complete the Identification section of the Incidental Water Identification
and Control Form (IWIC) found in the Incidental Waters Database.

Assign a unique Incidental Water (IW) Tracking number to the IWIC Form

NOTE: SWOps maintains a database with all IWIC Form entries, including the
IW tracking numbers assigned.

[A] Assngn the next available sequcntlal IWIC number using the following

format:

IW-YYXXX Where: IW = Incidental Water
YY = Last two digits of the Fiscal Year
XXX = Sequential number

IF it is suspected that the water source may be exempt from the control
requirements of this procedure,

THEN determine if the water source is exempt from this procedure by completing -
the Incidental Water Contro! Exemption Request (IWCER) found in the
Incidental Waters Database (see Appendix 1).

Examples of situations where an exemption may be appropriate include the
following;:

{A] = Waters that originate (1) from a potable water source or'(2) from
precipitation events and are collected in areas that have no potcntlal for
- contamination.
[B]  Precipitation callccted in secondary containment structures for RCRA
storage areas, provided that daily inspection for leaks or spills are
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(9

(10]

(1]

(12]

[13]

performéd and documented, and that any leaks or spills have been
remediated.

IF the water source is exempt from the requirements of this procedure,
THEN:

[A] Notify the affected activity coordinator or supervisor.

[B]  Notify the organization responsible for the affected area or system, if
different from the IWIC initiator’s organization.

[C]  Ensure that any special conditions or requirements specified on the
IWCER are met.

(D]  Ensure disposition of the IWCER and al| attachments are in accordance
vyith Section 9, Records.

[E]  Exit this procedure.

Determine the appropriate list of sample parameters necessary to characterize the
incidental water. There is not a predetermined set of sample parameters for which

.each incidental water event must be sampled. It is the responsibility of Surface

Water Operations to determine what minimal parameters are adequate and
appropriate to properly characterize the incidental water. This determination
should be made by identifying potential contaminant sources, utilizing resources
such as the Historical Release Report, past sampling results, and process
knowledge. Consultation with treatment facility managers may be advised for
new sources to adequately characterize water prior to treatment. In the case of
incidental water within secondary containment, it may be necessary to sample for
the material stored in the primary containment.

NOTE: The IW database provides access to historical information and process
knowledge that can be useful in evaluating these waters.

Notify the apprdpriatc sampling crew of the need to sample the incidental water,
and complete the Sampling section of the IWIC Form in the database.

Notify the initiating organization of the status of the incidental water if

"' containment or monitoring requirements exist.

Record any additional comments on the IWIC Form in the database, as
appropriate.
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7.2 Monitoring, Containment, and Collection of Incidental Waters

Surface Water Operations

(1 Coordinate with the initiating organizétion and ensure that Steps 7.2 {2] through
7.2 [5] are performed, as applicable.

Activity Coordinator or Supervisor

2] Perform required containment and/or monitoring of the affected area or sysiem in
accordance with the instructions provided by Surface Water Operations.

(31  IF desire to minimize excessive delays in'work activities,
THEN pump incidental waters to a Surface Water Operations-approved
containment vessel for temporary holding until sampling and analysis can be
completed, and the proper method of disposal can be determined.

Fire Department
,_ ' (4] IF a fire suppression system is considered exempt, as indicated in 7.1 [8],
. : AND there is no potential for contamination of the water,

THEN discharge the fire suppression system to the ground to support testing and
‘maintenance, as appropriate. - '

(5] IF a fire suppression system is NOT considered exempt, as determined in 7.1 [8],
OR there is a potential for contamination of the water,
THEN pump incidental waters to a SWOps-approved containment vessel for
holding until sampling and analysis can be completed, and the proper method of
disposal can be determined.

7.3 Sampling of Incidental Waters

Activity Coordinator or Supervisor

(1] Coordinate with SWOps to ensure that the following water is independently
sampled and analyzed to determine suitability for discharge:
o  Excavation sites, pits, or trenches
. Secondary containments or berms

. Valve vaults

‘ . . Electrical vaults
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e  Steam pits and other utility pits
" e Other natural or manmadc depressions which must be de-watered

e Any other source of water requiring disposition.

Surface Water Operations

(2]

(3]

Assist the designated sampling crew with the sampling of the incidental water, as
necessary.

IF the activity or source of the incidental water is in or near an area of known or
suspected contamination [such as a RCRA Storage Unit or an [HSS or
groundwater plume area], or in an area of unknown history,

THEN determine if samples to support additional chemical analyses need to be
collected

In this case, the analyses may be performed by an RFETS- approved contract
laboratory.

Analytical Services Division

(4]

(5]

(6]

Dispatch a sampling crew upon requ.est by SWOps to perform field tests and

‘collect requested incidental water samples.

Prepare the incidental water samples in accordance with procedure ASD-003,
Identification System for Reports and Samples or ST-ASI4-SOP001, Waste
Characterization Sampling as appropriate. Ensure that representanve samples are
collected for the analytes specified by SWOps.

Transport the samples to one of the following laboratories, as appropriate, in
accordance with applicable chain-of-custody and transportation requirements for
such materials:

o General Laboratory (On-site Laboratory).

e  Canberra Mobile Lab Services (CMLS).

o ASD designated offsite laboratory if needed analyses are beyond the
normal capabilities of the General Laboratory or CMLS.
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7.4 Analysis of Incidental Wafer Samples

Analytical Services Division

(1

2]

Bl

Ensure that incidental water samples are analyzed by qualified and approved
laboratories for the parameters specified by SWOps, and utilizing appropriate
standard methods and/or procedures.

IF the activity or source of the incidental water is an area of known or suspected
contamination (such as in or near a RCRA Storage Unit or an I[HSS), or in an area
of unknown history,

THEN contact SWOps to determine if additional chemical analyses should be
performed for specific known or likely water quality parameters.

In this case, the analysis may need to be performed by an RFETS-approved
contract laboratory. :

Proﬁxptly forward a copy of the incidental water sample analysis results to
SWOps and to the activity coordinator or supervisor.

Surface Water Operations

(4]

(5]

Receive and interpret analytical results from the laboratory(ies), referring to the
control limits summarized in the following table and any other standards or
control limits established by Surface Water Operations, or by permit, agreement,
or regulation, as applicable:

Table 1. Water Quality Parameter Control Limits

Parameter Limit '
pH 65-9.0
Nitrates as N 10 mg/L

Conductivity 0.700 mS/cm
Gross Alpha 40 pCi/L
Gross Beta : 50 pCGi/L

Any incidental water that exceeds the control limit for any parameter in Table 1,
OR

exceeds any other control limit established by regulation or by Surface Water

Operations, shall be contained, and may NOT be discharged directly to the

environment.

IF the sample analyses results are NOT within established limits, .
AND there is reason to suspect that either the sample may be un-representative or
the analyses have failed QA/QC,
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7.5

(6

(7]
(8]

(9]

THEN arrange for re-sampling and/or reanalysis, if necessary.

_ IF further characterization of the incidental water is warranted,

THEN:

[A]  Request through ASD that the appropriate laboratory perform additional
analyses.

[(B] Document any additional sampling parameter requirements on the IWIC
Form in the database. -

Complete the “Results” section of the IWIC Form in the database.
IF analyses of the incidental water indicate concentrations of constituents that
exceed Resource Conservation & Recovery Act (RCRA) regulated limits,

THEN:

[A]  Notify the appropriate Environmental Program Manager/Environmental
Technical Advisor that the water may be a hazardous waste.

Determine the appropriate disposition of incidental water, and complete the

“Disposition” section of the IWIC Form in the database.

IF the incidental water CANNOT be discharged to the environment,

THEN determine the appropriate treatment facility (i.e., AWTS, Wastewater
Treatment Plant, Building 891 Consolidated Water Treatment Facility) based
upon the characteristics of the incidental water and the facility acceptance criteria.
Contact the Operations/Facility Manager of the treatment facility to discuss
concurrence.

Disposition of Incidental Waters

NOTE: The affected activity-coordinator or supervisor, with assistance from the Trucking
Operations if needed, is responsible for discharging approved incidental water directly to
the environment (that is, to the storm drain or to the ground).

Surface Water Operations

(1]

Contact the activity coordinator or supervisor to advise on the disposition of the
incidental water in an appropriate manner (i.e., preferred discharge location and
rate) depending on the analytical results.
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2] Provide activity coordinator or supervisor with a copy of the Incidental Water

(31

Report (see Appendix 2), which includes analytical results and disposition
requirements. '

File original copy of the IW Report in the current Surface Water Operations |W
binder.

Activity Coordinator or Supervisor

(4]

[5]

IF the incidental water IS APPROVED to be discharged directly to the
environment, ‘
THEN:

[A] Contact Trucking Operations and Industrial Wastewater Operations for
assistance in performing Steps 7.5 [4][B] and 7.5 [4][C], as necessary.

(B] Obtain and transpoft the necessary equipment to the field site.

[C] Discharge the incidental water to the storm drain or to the ground, at the
location and rate directed by SWOps.

IF the incidental water [S NOT APPROVED to be discharged to the environment,
THEN contact the designated treatment facility manager.(see Section 7.4 {9])

Industrial Wastewater - Operations

(6]

(71

IF the incidental water IS NOT APPROVED to be discharged to the environment,
THEN: ' : ,

[A] Coordinate with Trucking Operations, as recjuired, to obtain and transport ‘
the necessary equipment to the field site.

[B] Pump the incidental water to a containment vessel(s).
[C]  Transfer the water to the location specified in the completed I'W Report.

Retain a hard copy of the completed IW Report. -

7.6 Termination of an Incidental Water Control Exemption

Surface Water Operations

(m

IF a water source was previously determined to be exempt from treatment, .
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AND SWOps has determined a need to terminate the exemption prior o the

expiration date,
THEN:

; (A]  Notify the organization responsible for the affected area or system to
terminate the exemption. This notification may be made by telephone.

- [a] Document this notification in a memorandum, and forward a
copy to the organization responsible for the affected area or
system.

[B]  Process a new IWIC Form and IWCER as if a water source was a new

source in accordance with this procedure.

8. POST-PERFORMANCE ACTIVITY

[A]  Once the incidental water is discharged, remove any containment
monitoring.

[B] . Upon completion of activities required by this procedure, closeout any

Radiation Work Permits or Confined Space Entry Permits that were
required. '

9.  DISPOSITION OF RECORDS

Surface Water Operations

1] Ensure that all of the incidental water control activities are properly documented
in the [W Database. -

21 Maintain hard copies of the IW Reports and IWCERs in accordance with 1-V41-
RM-001, Record Management Guidance for Records Sources.
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10.
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Appendix 1
Incidental Water Exemption Request Form
| W NUMBER e -0 - S—
| ‘ . CUSTOMER NAME: { _;
. Water Identification
LOCATION (BLDG): ) VOLUME (Gal:: [ _ ]
LOCATION TYPE: N A
LOCATION '
DESCRIPTION:
Preliminary Evatuation

1. Does water originate froma drinking water source or from preclp:tahon O YES O NO
events in areas that have no possibility of contamination? :

2. 1s the water source free of any credible potential of being contaminated? O YES O NO

NOTES:  [A] [F either question above is answered NO, THEN the incidental water may
NOT be exempted from Procedure 1-C91-EPR-SW.01.

_exempted from Procedure 1-C91-EPR-SW.01. Any restrictions specified below
must be adhered to in order to maintain this Exemption.

. ~ [B] IFboth questions above are answered YES, THEN the incidental water may be

Disposition

EXEMPTION APPROVED: - O YES : EXEMPTIONDENIED O YES

EXEMPTION APE"ROVAL PERIOD: Start Date: [::] Expiration Date (:j

RESTRICTIONS: Notify SWOps (x4985) If any of the following occur:
O IF a spillrelease ocurrs within or at the building, THEN immediately stop discharging the
incidental water.
O IF operational activities or structual configuration changes occur within or at the discharging
building. This includes transfer of the building for decommissioning and demolition activities. .
O IF the incidental water no longer needs 1o be discharged. :
O OTHER: __ ) '

NOTE: Customer is responsible for contacting SWOps (x4985) if another E_xempf!on
Is needed after this Exemption expires.

I certify that this form was prepared in accordance with Procedure 1-C91-EPR-SW.01. The
information submitted is, to the best of my knowledge, true, accurale, and complete.

. . SWOps Preparer / Date . SWOps Reviewer / Date

K
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Appendix 2

: INCIDENTAL WATER REPORT

CUSTOMERNAME: [ ] exm I l
ORGANIZATION: [} eaAcer [
aoa 1 VOLUME(al: [ ]

A . identification
) LOCATION (BLDG): | : IR weno:[ |
' LOCATIONTYPE: [ ] DATE:[ |
LOCATION DESCRIPTION: | I

. # YES, then the water Is exempt from the requirements of Procedure 1-C91-
[ EXEMPT?  EPR-SW.01: See aftached incidental Water Control Exemption Request.

Results
pH: ' - L____: ___, Acceptable Range: 6.5 to 9.0*
i NO3 s N (mgl): - . Not to Exceed: 10 mgrL*
_ CONDUCTMITY msfem): [ | _ Not to Exceed: 0.700 mS/em*
[ | GROSSALPHA(CIL: [ ] © Nt to Exceed: 40 pCiL*
' GROSS BETA ( pCiL): [ Nat to Exceed: 50 pCIL*
! OTHER CONTAMINANTS:
EVALUATION OF DATA: n

“Uimits based on Colorado Water Quaitty Stream Standards/Bast Management Practices

Disposition
METHOD OF DISPOSAL: | — 7 7] stamtoate: [ ]
DESTINATION: | 7 7] cenpoATE: | ]

COMMENTS:

1 cartity that this document was prepared In accordance with Procedure 1-C91-EPR-SW.01.
The Information submitted Is, to the best of my knowledge, true, accurate, and complete.

-t

Surface Water Prebarer / Date ) Surface Water Reviewer / Date
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Appendix 3

INCIDENTAL WATER D!SCHARGE REQUEST FORM

SECTION 1: WATER IDENTIFICATION (to be completed by Requester)

Building - . Room/Tank/Manhole: ) Estimated Volume:

Drums: WEMS Numbers: | Charge Number:

| Does water have oil sheen? O Yes LI No | Appearance/Color: [Solds Present? O Yes O No .
Is water in Rad Area? Q Yes O No Area Posting:

Suspecied Contaminanis/Pollutants: (Include MSDS) | Known Contaminants/Pollutants:

[ Uist type of water. discharge location, efc.:

-Requested Discharge Dates: Start Date: End Date:
List special safety requirements (POD, RWP, RCT Support, PPE, etc.) for Sampling Team entry:

To the bestof my knowledge, the above Incidental Water is fully, properly and truthfully described and identified.

Requester (Print Name) Signature & Date Extension Pager Fax Company
SECTION 2: SAMPLING RESULTS & DISPOSITION (to be completed by Surface Water Operations)
. , Test Sampling Results Limits
pH 1 6.5t09.0
NO3 as N {mg/l) . Not to Exceed:. 10 mg/L -
Conductivity (mS/cm) . Not to Exceed: 0.700 mS/cm
Gross Alpha (pCvL) - | - ) Not to Exceed: 40 pCi/l.
Gross Beta (pCilL) Not to Exceed: 50 pCilL . .

Metat Screen

Volatile Organics Analysis | - . K

Method of Disposal: O To Ground or Storm Drain | O Building 995 (WWTP) O Building 891 (CWTF)
Discharge Start Date: Discharge End Date: ] w#:
Exemption Request: | O Approved 1 Denied | O NA

Comments or Restrictions:

Surface Water Operations Preparer Date Surface Water Operations Reviewer Date

WWTP Supervisor/Manager Date CWTF Facility Manager Date
SECTION 3: DISCHARGE CERTIFICATION (to be completed by Requester)

Volume (if different than estimated in Section 1):
Date discharge was completed:
Comments (any changes or abnormalities from Sections 1 or 2).

. I certify the Incidental Waler described above was discharged as per the instructions in Section 2 and no additional water,
chemicals or known contaminants were added lo the'water prior to the discharge.

Requester (Print Name)  Signature & Date Extension Pager Fax Company
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FIGURE 3-2 - JOB HAZARD ANALYSIS

WPE/Procedure No.: 1.C91-EPR-SW.01 Rev. 3

Title/Description: Control and Disposition of Incidental Waters

Date: 7/1/03

Company/QOrganization: RFCSS/Surface Water
Operations

Location: Site

Page 1 of 2

Planner/Procedure Writer (Name / Signature / Date)

Tad Moser %///{QA’/I kol

Criticality Safety (Name/ Signature / Date)

N/A

Engineering (Name / Signature / Date)

N/A

Environmental (Name / Signature / Date)

. NesTR TV L="5%/20(03

Fire Protection (Name / Signature / Date)

N/A

H&S (Name / Signature / Date)

doug Peryman )y / 4~ %é‘t

Jennitef MEin ' lf/ 27/ o

Material Contro! & Accountablility(Name/Signature/Date)

N/A

Nuclear Safety (Name / Signétfre / Date)
N/A .

Packaging & Transportation (Name / Signature / Date)

N[A

Quality Assurance (Name / Signature / Date)

N/A

Radiologlcal Safety (Name / Signature / Date)

(Blake ) ClsUhe.  b[20]0%

Worker (Name / Signature / Date)

Security (Name / Signature / Date)

N/A

Waste Operatiorls (Name / Signature / Date)

v 7777 [E-2603

Other (Organization / Name / Signature / Date)

Other (Organization / Name / Signature / Date) .

Other (Organlzatll/éh I Name / Signature / Date)

Other (Organlzation / Name / Signature / Date)

Signature indicates participation in the JHA. RM approval indicates that the SMEs are competent to perform their function. RM approval also

indicates that the controls are synergistic ahd the implementation of a control has not created or amplified another hazard.

NOTE:

11/14/2002

See the IWCP web page for the latest version of the electronic form.



FIGURE 3-2 - JOB HAZARD ANALYSIS
Continuation Sheet

WPF/Procedure No.:
1-C91-EPR-SW.01 Rev. 3

Title/Description: Control and Disposition of Incidental Waters

Date: 7/1/03

MaJor JoB STEP

Company/Organization: RFCSS/Surface Water Operations

7.1 Identification of Incidental Waters

PoTENTIAL HAZARD

Slips, trips and falls during field
investigation (if applicable).

Location: Site
REQUIRED CONTROLS

“Safety footwear (meeting ANSI Z41), avold watking on
loose, rocky, sloped or clearly unsafe areas.

Page 2 of 2
NOTES (OPTIONAL)

Heavy equipment operation.

Maintain safe distance from equipment, utilize spotter.

172 Monitoring, containment, and
collection of Incidental Waters (if
applicable to SWOps personnef).

Slips, trips and falls.

Safety footwear (meeting ANSI Z41). avoid walking on
loose, rocky, sloped or ¢learly unsafe areas.

Rotating machinery and high
pressure for certain types of

pumping.

Machine guards, visual inspections of equipment,
maintain distance from equipment when possible.
Pressure awareness training.

Temperature extremes.

Protective clothing, frequent breaks, rotation of
personnel.

Skin or eye contact with
corrosive or toxic liquid.

Eyewash within immediate area and Class Ili eye
protection (goggles and faceshield) required for liquids
with pH<5 or pH>9, '

| Designated Beryllium area, or
- history indicates past presence

of Beryliium materials or
operation.

Beryllium Work Form (if applicable), proper leve! of
Beryllium training for area in question.

Designated radiological area, or
history indicates past presence
of radioactive materials or
operation.

Radiological Work Permit (if applicable), prdper level of
radiological training for area in question, RCT's.

Work being conducted in a soil

contamination area, if applicable.

Radiological Work Permit (if applicable), proper level of
radiological training for area in question, RCT's.’

Heavy equipment operation.

Maintain safe distance from equipment, utilize spotier.

Insects, snakes, mosquitos or
other biting animals.

Appropriate protective clothing and awareness of
potential hazards.

11/14/2002
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WPF/Procedure No.:
1-C91-EPR-SW.01 Rev. 3

Title/Description: Control and Disposition of Incidental Waters

Date: 7/1/03

MaJor Jos STeP

7.3 Sampling of Incidental Waters

Company/Organization: RFCSS/Surface Water Operations

POTENTIAL HAZARD
Hazards are covered by the JHA

of the sampling group (also refer”

to CASSOP-003, "Waste
Characterization During
Sampling”).

Location: Site _
ReQUIRED CONTROLS

N/A for Surface Water Operations. Hazards are
covered by JHA's or Health and Safety Plans of the
|-sample team.

Page20f2
NOTES (OPTIONAL)

7.4 Analysis of Incidental Waters

Waste generated from analysis
and testing of water samples.

"“N/A for Surface Water Operations. Hazards are

covered by JHA's or Health and Safety Plans of on-site
and off-site laboratories.

7.5 Disposition of Incidental Waters

Slips, trips and falls.

.| Safety footwear (meeting ANS! Z41), avoid walking on

loose, rocky, sloped or clearly unsafe areas.

Rotating machinery and high
pressure for certain types of

pumping.

Machine guards, visual inspections of equipment,
maintain distance from equipment when possible.
Pressure awareness {raining. .

Temperature extremes.

Protective clothing, frequent breaks, rotation of
personnel.

Designated Beryllium area, or
history indicates past presence
of Beryllium materials or
operation. )

Beryllium Work Form (if applicable), proper level of
Beryllium training for area in question.

Designated radiological area, or
history indicates past presence
of radioactive materials or -
operation.

Radiologicat Work Permit (if applicable), proper level of
radiological training for area in question, RCT's.

Work being conducted in a soit

contamination area, if applicable.

Radiological Work Permit (if applicable), proper leve! of
radiological training for area in question, RCT's.

Heavy equipment operation.

-

Maintain safe distance from equipment, utilize spotter.

Skin or eye contact with
corrosive or toxic liquid.

Eyewash within immediate area and Class Ill eye
protection (goggles and faceshield) required for liquids

.| with pH<5 or pH>9, .

Sprains/pinch points.

Utilize proper lifting techniques. Obtain assistance with
moving of heavy and/or awkward equlpment Wear
leather gloves and safety boots.

‘Note: the fourth column is not required, but may be used for comments to identify the location of the controls, etc., if desired.

11/1412002
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EXECUTIVE SUMMARY
This Interim Measure/Interim Remedial Action (IM/IRA) decision document addresses the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)

. remediation and the Resource Conservation and Recovery Act (RCRA) closure of the Present

Landfill (Individual Hazardous Substance Site [IHSS] 114) at the Rocky Flats Environmental
Technology Site (RFETS). This IM/IRA also terminates the requirements and closes the

Notification of Minor Modification to the Modified Proposed Action Memorandum (PAM) for

the Passive Seep Interception and Treatment System at Operable Unit (OU) 7 (DOE 1998) and
the Final Modified PAM for the Passwe Seep Interception and Treatment System at OU 7 (DOE
1995).

This IM/IRA addresses only.the accelerated actions required for the Present Landfill and the
Present Landfill seep. The East Landfill Pond and OU-7 (Group 000-5 [Present Landfill]) are
not addressed in this IM/IRA, they will be included in the accelerated action ecological screening
evaluation process, and an additional accelerated action will be taken, if required. Ecological
risk will be further evaluated in the Comprehensive Risk Assessment (CRA), including the Data
Adequacy Review, and the site-wide RCRA Facility Investigation — Remedial
Investigation/Corrective Measures Study — Feasibility Study (RI/FS) including OU 7.

Discussions among the Rocky Flats Cleanup Agreement (RFCA) parties regarding the State of
Colorado Covenants Law have confirmed that RFCA applies to accelerated actions and not to
post-closure care. Therefore, the Covenants Law is not an applicable or relevant and appropriate
requirement (ARAR) and post-closure care is not specifically addressed in this IM/IRA. This
IM/IRA includes a discussion.of the elements of post-accelerated-action monitoring, institutional
controls, and long-term stewardship for informational purposes. Post-closure care requirements
will be incorporated in elther a post-closure permit or some other enforceable mechanism at a
later date.

The Present Landfill remedial action objectives (RAOs) were developed to prevent human and
ecological exposures to fill material, achieve RCRA interim status closure, and protect surface
water quality. To achieve these objectives, a RCRA Subtitle C compliant cover will be placed
over the landfill thereby preventing direct contact with fill material, providing a layer between
surface water runoff and the fill material, and reducing the infiltration of precipitation. The
Present Landfill seep water emanating at the Present Landfill will continue to be treated through
a'modified passive seep interception and treatment system. The East Landfill Pond w1ll remain
and no changes will be made to the pond’s physical configuration.

Evaluation of surface and subsurface soil data indicate that potential contaminant concentrations

are less than RFCA wildlife refuge worker (WRW) action levels (ALs). Groundwater monitoring

at the Present Landfill over the last 18 years has shown that the landfill is not 1mpact1ng
downgradient groundwater quality.

In accordance with Paragraph 95 of RFCA, National Environmental Policy Act (NEPA) values
have been incorporated to satisfy the requirement for a “NEPA equivalency” assessment of
environmental consequences resulting from the proposed action.

ES-1
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1.0 INTRODUCTION

This Interim Measure/Interim Remedial Action (IM/IRA) decision document addresses the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
remediation and the Resource Conservation and Recovery Act (RCRA) closure of the Present
Landfill (Individual Hazardous Substance Site [IHSS] 114) at the Rocky Flats Environmental
Technology Site (RFETS or Site). Closure of the Present Landfill is subject to RCRA/Colorado
Hazardous Waste Act (CHWA) interim status unit closure requirements, consistent with the
Rocky Flats Cleanup Agreement (RFCA) Attachment 10.

Discussions among the Rocky Flats Cleanup Agreement (RFCA) parties regarding the State of
Colorado Covenants Law have confirmed that RFCA applies to accelerated actions and not to
post-closure care. Therefore, the Covenants Law is not an applicable or relevant and appropriate
requirement (ARAR) and post-closure care is not specifically addressed in this IM/IRA.
Appendix A has been included as part of this IM/IRA to describe the elements of post-
accelerated-action monitoring, institutional controls, and long-term stewardship for informational
purposes.

This IM/IRA addresses only the accelerated actions required for the Present Landfill and the
Present Landfill seep. The East Landfill Pond and OU-7 (Group 000-5 [Present Landfill]) are
not addressed in this IM/IRA, they will be included in the accelerated action ecological screening
" evaluation process, and an additional accelerated action will be taken, if required. Ecological
risk will be further evaluated in the Comprehensive Risk Assessment (CRA), including the Data

- Adequacy Review, and the site-wide RCRA Facility Investigation — Remedial
Investigation/Corrective Measures Study — Fea51b111ty Study (RI/FS) including OU 7.

Additionally, this IM/IRA terminates and supersedes the requirements of the Notification of
Minor Modification to the Modified Proposed Action Memorandum (PAM) for the Passive Seep
Interception and Treatment System at OU 7 (DOE 1998) and the Final Modified PAM for the
Passive Seep Interception and Treatment System at OU 7 (DOE 1995).

Located near the Present Landfill (THSS 114) are the Landfill Pond Spray Areas (IHSSs 167.1,
167.2, and 167.3) associated with OU 6, the Walnut Creek Drainage, Improper Disposal of
Diesel-Contaminated Material at the Landfill (Potential Area of Concern [PAC] NW-1502),
Improper Disposal of Fuel-Contaminated Material at the Landfill (PAC NW-1503), and
Improper Disposal of Thorosilane-Contaminated Material at the Landfill (PAC NW-1504). All
of these IHSSs and PACs have been approved for No Further Action (NFA) IHSS 167.1 was
approved in 1999 according to the 2001 Annual Historical Release Report (HRR); IHSSs 167.2
and 167.3, PACs NW-1502 and NW-1503 were approved for NFA by both the Colorado
Department of Public Health and Environment (CDPHE) and the U.S. Environmental Protection
Agency (EPA) in a letter dated February 14, 2002. PAC NW-1504 was approved for NFA by
both CDPHE and EPA in a letter dated September 27, 2002. (Note: THSSs 167.2 and 167.3
were administratively transferred from former OU 6 to OU 7 on May 27, 1993.)

! The term NFA is used here consistent with the terminology used at the time of the NFA designation. The U.S. Department of
Energy (DOE) acknowledges that the current term used is No Further Accelerated Action (NFAA).
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To aid in the undersfandihg of the conditions that exist at the Present Landfill, the following
definitions are provided:

e The East Landfill Pond is clearly identified on Figure 2 in this IM/IRA.

e The No Name Gulch drainage is a drainage tributary to North Walnut Creek in Big Dry
Creek Segment 4a from its source to the confluence with Walnut Creek approximately 0.8 mile
west of Indiana Street. No Name Gulch is the drainage immediately north of the drainage
containing the A-series ponds at RFETS, and includes all tributaries, ponds, and reservoirs such
as the East Landfill Pond.

e Present Landfill leachate is the liquid resulting from infiltration of precipitation through the

Present Landfill.

e The Present Landfill seep is the surface expression of groundwater emanating from the
Present Landfill at or near surface water location SW00396. The Present Landfill seep water
also contains Present Landfill leachate.

2.0 SITE BACKGROUND

RFETS is a government-owned, contractor-operated facility formerly used for the fabrication of
miscellaneous weapons components for national defense. The 6,550-acre site is located in
Jefferson County, Colorado, and approximately 16 miles northwest of Denver. The site occupies
approximately 10 square miles (Figure 1).

Centrally located within the RFETS boundary is a 400-acre security area referred to as the
Industrial Area (IA). The IA contains approximately 400 buildings along with other structures,
roads, and utilities, and is where the majority of RFETS mission activities took place between
1951 and 1989. The remaining 6,150 acres consist of undeveloped land used as a Buffer Zone
(BZ) to further limit access to the operations area. The Present Landfill (IHSS 114) and the East
Landfill Pond are located north of the IA within the BZ, at the western end of the No Name Gulch
drainage (Figure 2). ‘

2.1 Operational History

The operational and historical information provided in this section is from the Final Phase I
RCRA Facility Investigation/Remedial Investigation (RFI/RI) Work Plan (DOE 1991), unless
otherwise noted.

The Present Landfill is located in the No Name Gulch drainage, at the western limit of headward
erosion and pediment dissection. Beginning in 1968, a portion of the natural drainage at the
headwaters of the No Name Gulch drainage was filled with soil from an on-site borrow area to a
thickness of approximately 5 feet to construct a surface on which to begin landfilling operations..
The landfill does not have a bottom liner. Waste delivered to the landfill was spread across the
work area, compacted, and covered with a daily soil cover, eventually filling the valley to the top
of the pediment, at approximately 6,000 feet. Some waste material is confined laterally by the

_bedrock slopes of the valley and by an existing surface water diversion.ditch.
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The Present Landfill was placed into service in August 1968 for the disposal of solid waste,
including office trash, paper, rags, personal protective equipment (PPE), construction and
demolition debris, scrap metal, empty waste containers, used filters, and electrical components.
From 1968 to 1978, the landfill received approximately 20 cubic yards (cy) of compacted waste
per day. In October 1972, the policies concerning the disposal of waste at the landfill were
reviewed and determined to be in accordance with applicable state and federal regulations
(Woodward Clyde 1990).

The Health Physics Operations unit of the Rocky Flats Plant began a program in 1973 to monitor
the waste for radioactivity after it had been dumped and before compaction and burial. A
logging procedure was instituted at that time to maintain control of where the waste originated in
the event radioactive contamination was identified (Woodward Clyde 1990).

At the request of Rockwell International, the Colorado Department of Health (CDH) inspected
the landfill in 1978 and 1979. CDH stated that the landfill appeared to comply with state and
federal minimum standards and department regulations. In addition, CDH determined that a
certificate of designation for landfilling of waste was not required (Woodward Clyde 1990).

Althéugh originally planned as a sanitary landfill, routine operétions at the Present Landfill
included disposal of materials containing polychlorinated biphenyls (PCBs) (i.e., used
fluorescent light ballast); combustible materials contaminated with small amounts of beryllium

" particulate matter; containers partially filled with paints, solvents, and foam polymers; kimwipes

and rags contaminated with paints, solvents and foam polymers; used filters; and metal cuttings
and shavings (documented as primarily stainless steel). Wastes with hazardous constituents
ceased to be disposed of in the landfill by the fall of 1986, by tightening of administrative
procedures and the implementation of findings of the Waste Stream Identification and
Characterization Reports (produced by Weston in 1986 and 1987) (Woodward Clyde 1990). In
addition, sludge from the Building 995 sanitary waste treatment plant was routinely disposed at
the Present Landfill from August 1968 through May 1970 and may have contained low levels of
plutonium and depleted uranium. :

Beginning in 1985, asbestos-containing material (ACM) was disposed in designated 10-foot-
deep pits located east of the Present Landfill. The ACM was wrapped in heavy plastic bags,
placed in the pit, and covered with soil. Site records indicate that disposal of ACM continued
until April 1990. Nonroutine wastes disposed in the Present Landfill included tear gas powder; a
tank containing Mercaptan™ (an odor additive to natural gas); a drum of solidified polystyrene
resin used in fiberglassing operations; soil contaminated with approximately 700 gallons of
diesel fuel; wood contaminated with chromium and aluminum oxide; unknown chemicals; and
unknown reactive chemical residues.

The Present Landfill remained in operation until March 1998, at which time it was placed in a
contingent closure status and seeded to stabilize soil and control erosion. The Present Landfill
occupies an area of approximately 20 acres. Waste material is generally thinnest along the
boundaries and thickest along the east-west axis of the landfill. Thicknesses range from less than
1 foot to approximately 40 feet near the eastern face of the landfill.

Leachate has been forming at the Present Landfill since waste operations began in 1968. Present
Landfill leachate is the liquid resulting from the infiltration of precipitation through the landfill.
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A seep exists at the east end of the landfill (known as the Present Landfill seep), as a result of
infiltration of precipitation and the migration of groundwater through the landfill. The volume of
Present Landfill leachate within the landfill varies as the potentiometric surface fluctuates in
response to infiltration of precipitation through the soil cover. The volume of groundwater
migrating through the landfill also varies as the potentiometric surface fluctuates.

2.2 Previous Response Actions

A number of response actions were taken when tritium and strontium were detected in
contaminated groundwater draining from the eastern face of the Present Landfill in 1973. These
actions include the following:

e In September 1973, tritium and strontium 89/90 were detected in leachate draining from
the Present Landfill. As a result, approximately 57 monitoring wells were installed
directly into the landfill waste and immediately below the waste materials, and a
sampling program was initiated to determine the location of the source. The highest
measured concentrations in groundwater were 301,609 picocuries per liter (pCi/L) of
tritium and 7 pCi/L of strontium.2 By 1980, tritium concentrations had decreased to
approximately 500 pCi/L. Monitoring for tritium in surface water and groundwater ended
in 1981 for this response action, when measured levels had fallen to background.

e A radiation monitoring program was established in 1973 to prevent disposal of
radioactive materials into the landfill. '

e A surface water diversion ditch was constructed in 1974 around the perimeter of the
landfill to divert surface water runoff and reduce the infiltration of surface water into the
landfill (Figure 2). No waste disposal is known to have occurred outside the surface
water diversion ditch.

e A groundwater collection system was installed in 1974 to intercept and divert
groundwater flow around the landfill (Figure 2). The collection system was also designed
to collect water seeping from the eastern edge of the landfill for discharge to the West

. Landfill Pond.

e From October 1974 to January 1975, temporary berms were upgraded to permanent pond
embankments. The West Landfill Pond was used to impound leachate and the East
Landfill Pond (Figure 2) was created to provide backup for overflow from the West
Landfill Pond. The East Landfill Pond was also used to collect intercepted groundwater
as needed. '

Surface water control/diversion/interceptor ditches were constructed around perimeter of
the landfill (north, west, and south) to intercept surface water runoff flowing toward the

2 Background levels were considered to be approximately 1 to 25 pCi/L for strontium in water, based upon water samples
collected at this time period from Rock Creek (Woodward Clyde 1990). Strontium was analyzed in the landfill ponds, drainages,
and groundwater intercept system, and generally found at background levels at this time (Woodward Clyde 1990). The half-life
of strontium 89/90 is approximately 29 years, the RFCA groundwater Tier I AL is 85.2 pCi/L and the RFCA surface water AL is
8 pCi/L. . :
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landfill. The ditches acted to divert surface water away from the landfill to reduce
infiltration of surface water into the landfill.

A groundwater intercept system was installed around the perimeter of the landfill (north,
west and south; inside the surface water interceptor ditches) to divert uncontaminated
groundwater around the landfill. The system was constructed by excavating around the
perimeter of the landfill to depths of 10 to 25 feet. The trench excavation for the systems
was 24 feet wide at the base. The groundwater collection system was installed on the
side of the trench away from the landfill waste. A sand/gravel blanket along the trench
face intercepted groundwater, which drained to perforated pipe installed in the bottom of
the trench. Intercepted groundwater was discharged to the landfill ponds or to surface

water drainages by a series of valves.

e In 1975, water volumes were controlled by periodic spray evaporation to areas located on

the north and south banks of the East Landfill Pond (IHSSs 167.2 and 167.3).

" o Between 1977 and 1981, the West Landfill Pond was buried as the landfill was expanded.-

Later, a more permanent embankment was constructed for the East Landfill Pond,

consisting of an engineered dam with a spillway designed to retain the majority of the
water in the channel. To reduce seepage from the pond, a low-permeability clay core was
constructed within the embankment, keyed to bedrock. The East Landfill Pond covers
approximately 2.5 acres and has a capacity of approximately 7.5 million gallons. The

East Landfill Pond water levels are controlled to prevent overflow into the spillway

draining to the No Name Gulch drainage by pumping water to Pond A 3, via the Pond A-

1 bypass, for eventual discharge from the Site.

e When the West Lahdﬁll Pond was covered in 1981, the existing collection system was
extended to dlscharge into the East Landfill Pond, and optimally into the No Name Gulch

drainage.

e Two 900-foot soil-bentonite slurry walls were constructed near the eastern end of the
Present Landfill in 1982 to prevent groundwater migration into the expanded landfill

area. The slurry walls were tied into the north and south arms of the groundwater
intercept system.

e Beginning in 1986, the U.S. Department of Energy (DOE) began a Comprehensive

Environmental Assessment and Response Program (CEARP) to investigate groundwater
~ contamination at the Site. This included the installation of groundwater monitoring wells
at the Present Landfill, which were monitored for the CERCLA Hazardous Substance

List (HSL) volatile organic compounds (VOCs), semivolatile organic compounds
(SVOCs), metals, major ions, and radionuclides (including tritium). Also in 1986,
pursuant to the 1986 Compliance Order and CERCLA Agreement, DOE began an

extensive environmental investigation for the entire site. (A summary of the groundwater

monitoring activities beginning in 1986 is provided in Appendix b.)
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On January 22, 1991, DOE, EPA, and CDH entered into an Interagency Agreement
(IAG) replacing the 1986 Agreement. This agreement did not change or impact the
groundwater monitoring requirements at the Present Landfill.

A Phase I'RFI/RI was conducted in 1992 and 1993 to characterize the site features at the

Present Landfill, and to make preliminary determinations of the sources of contamination
and the nature and extent of contamination. The Phase II RFI/RI was conducted in 1994
and 1995 to further define the nature and extent of contamination and support the
development of an IM/IRA. A Phase I IM/IRA and Closure Plan document was prepared
in 1996 (DOE 1996), concurrent with negotiations of RFCA. Attachment 4 to RFCA
contained a prioritized list of remedial actions for the Site, which placed the Present
Landfill at number 18 of the top 50 areas requiring remediation. As a result, the 1996
Draft IM/IRA was abandoned, and resources and funding were reallocated to other areas
ranking higher on the list.

Four gas vents were installed in the Present Landfill in 1994 to release gases generated by
microbial degradation of organic waste. The composition, quantity, and generation rates
of the gases depend on factors such as waste quantity and composition, waste placement
characteristics, landfill thickness, moisture content, and oxygen levels. Carbon dioxide is
the principal gas generated during the early stages of waste burial, as the waste undergoes
aerobic microbial degradation. As oxygen is depleted, anaerobic microbial degradation
produces methane and carbon dioxide. In 1994, carbon dioxide and methane were the
primary gases produced.

Spray evaporation operations were discontinued in 1994. (Since this time, the pond level
has been controlled by pumping the water to Pond A-3, via the Pond A-1 bypass, for
eventual discharge from the Site.)

In May 1995, a well evaluation project was undertaken at Rocky Flats to contmue the
assessment of the Sitewide groundwater monitoring network, in light of reduced budgets
and the cessation of many RI/FS activities. A core working group of stakeholders,
composed of representatives from CDPHE, EPA, DOE, and the Kaiser-Hill Company,
L.L. C. (K-H) team, held regular meetings to evaluate and negotiate a technically
defensible monitoring network that would maintain compliance with current agreements
and provide surveillance of known contaminant migration pathways. The underlying
assumption in the network design was that groundwater monitoring should be conducted
to assess the potential impact to surface water, which has been accepted by the agencies
as the sole pathway for contaminated water to leave Rocky Flats.

A passive seep interception and treatment system was constructed in 1996 to collect
Present Landfill seep water flowing from the eastern end of Present Landfill (Figure 2).
The original system design provided for the collection and storage of the Present Landfill
seep water in polyethylene tanks, which would be pumped to a tanker truck for transport
to a designated treatment facility. Prior to construction of this system, the original PAM
was modified to incorporate a passive treatment system using granular activated carbon
(GAC) to remove organic chemical constituents, including VOCs and SVOCs (DOE
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1995). The PAM was modified once more before construction to change the
configuration of the GAC and add filters to the system (DOE 1996).

RFCA was adopted on July 19, 1996, which replaced the IAG as the environmental
cleanup agreement for RFETS. The RFETS Action Levels and Standards Framework for
Surface Water, Groundwater and Soils (ALF) attachment to RFCA contains specific
requirements for environmental monitoring and reporting, and it sets Action Levels (ALs)

“for contaminant concentrations in groundwater and other media. The results from the

1995 well evaluation project were aligned with the new RFETS mission and RFCA
requirements, resulting in a draft of the RFETS Integrated Monitoring Plan for
Groundwater (IMP). A data quality objective (DQO) process was used to determine what
decisions were necessary for groundwater and the function of each well in the network in
supporting those decisions. DOE, CDPHE, EPA, and the community were consulted in
decisions involving the monitoring network and development of the IMP.

In the beginning of the Fiscal Year (FY)96, the RFETS Sitewide monitoring program

consisted of a network of 150 wells. Half were monitored semiannually and the other
half were monitored quarterly. Subsequent reevaluation of the monitoring network using
DQO decisions developed as part of the IMP reduced the monitoring network to 89 wells,
in which a majority were sampled semiannually.

Pursuant the RFCA, the IMP replaced all previous groundwater plans and assessments at
the Site. The groundwater monitoring network, as defined in the IMP, had seven
categories of monitoring wells; the wells at the Present Landfill are defined as RCRA
monitoring wells. These wells monitor downgradient groundwater contaminant
concentrations at RCRA units. If the mean concentration of a contaminant ina
downgradient well is greater than the mean concentration in upgradient wells, and
concentrations at the well show an upward trend with time, a report will be made to the
appropriate agencies and an investigation will be initiated to investigate possible causes.

The effectiveness of the passive seep interception and treatment system was evaluated in
1998, at which time it was determined that the primary contaminants detected above the
established performance standards were limited to benzene and vinyl chloride. The
evaluation also noted that GAC has a very limited capacity to attenuate vinyl chloride,
and the system would require costly monthly carbon replacement to maintain its
effectiveness. As a result, the system was modified in October 1998 to treat the Present -
Landfill seep water by passive aeration, and sampling and analysis for SVOCs, metals,
and radionuclides was discontinued (DOE 1998).

In the modified passive seep interception and treatment system, the Present Landfill seep
water is collected in a settling basin, from where it then flows through a pipe to a set of
stepped flagstones, before flowing into the East Landfill Pond. Flow is measured and
water quality samples are collected from the treatment system 6 feet downstream from
the last aeration step. Effluent from the system is sampled in accordance with the
Sampling and Analysis Plan (SAP) for the OU 7 Passive Aeration System (K-H 2000a).
After treatment, water is collected in the East Landfill Pond, and then periodically
pumped to Pond A-3. ' :




59

Final Interim Measure/Interim Remedial Action for the IHSS 114 and RCRA Closure of the Present Landﬁ/l

e The Actinide Migration Evaluation (AME) group performed an investigation of historical
groundwater uranium data studies in 2003. Based on historical groundwater monitoring
data for upper hydrostratigraphic unit (UHSU) wells downgradient of the East Landfill
Pond and within No Name Gulch (wells 4087, 52894, and 53194), the AME group
determined that uranium-236 is not present in the groundwater, indicating only natural
uranium is present downgradient of the Present Landfill pond (K-H 2003a).

2.3 Existing Conditions

" The Present Landfill has remained inactive since March 1998. The top of the landfill was seeded

to stabilize soil and control erosion. Groundwater and surface water monitoring around the
Present Landfill has continued in accordance with the IMP.

At the time the Present Landfill became inactive, the volume of material in the landfill was
estimated at 415,000 cy including any daily soil cover incorporated as the waste was placed. The
Present Landfill is covered in some areas by approximately 18 inches to over 4 feet of soil,
which has been revegetated. Some small areas of the landfill exhibit exposed construction debris.
While some soil slumping has occurred in the vicinity of the landfill, slopes are generally stable
and not prone to slumping or erosion.

A passive seep interception and treatment system was constructed to collect the Present Landfill
seep water flowing from the eastern end of the Present Landfill (DOE 1994). The system
currently includes a seep interception system, settling basin, and passive aeration system. The
interception system consists of a perforated pipe that directs water toward the settling basin.’
Dense solids settle in the basin and the remaining water is directed to a vault where the seep flow
is measured. Finally, the water flows over the aeration system, which includes seven flagstone
steps, before flowing into.the.East Landfill Pond. Water quality samples are collected from the
treatment system 6 feet downstream from the last aeration step. The current concentrations of
contaminants in the Present Landfill seep are either below or just slightly above the RFCA
surface water ALs, and below RFCA groundwater Tier II ALs (maximum contaminant levels
[MCLs]) (refer to Section 2.6.4).

Groundwater modeling shows that the previous groundwater response actions are diverting
groundwater around the landfill and into or downgradient of the East Landfill Pond. The
groundwater model also indicates that the Present Landfill seep is primarily a result of
infiltrating precipitation into the landfill and not the inclusion of area groundwater. Groundwater
monitoring wells that have been monitored over the last 18 years have shown that the landfill has
not impacted downgradient groundwater quality. Current groundwater sampling results indicate
that the groundwater contaminant concentrations are below the Tier I ALs (refer to Section 2.6.3
for details). S

2.4 Source Characterization

The Present Landfill covers an area of approximately 20-acres. Waste material is generally
thinnest along the boundaries and thickest along the east-west axis of the landfill. The thickness
of waste material ranges from less than 1 foot to approximately 40 feet near the eastern face of
the landfill, which coincides with the deepest portion of the original drainage. Waste delivered
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to the landfill was spread across the work area, compacted, and covered with a daily soil cover,
eventually filling the valley at an elévation of approximately 6,000 feet above mean sea level.

The majority of waste was solid wastes, including office trash, paper, rags, PPE, construction
and demolition debris, scrap metal, empty waste containers, used filters, and electrical
components. Waste containing hazardous constituents that was disposed in the landfill included
containers partially filled with paint, solvents, degreasing agents, and foam polymers; wipes and
rags contaminated with these materials; paint and oil filters; and metal cuttings and shavings
coated with hydraulic oil and carbon tetrachloride (DOE 1994). A total of 241 nonhazardous
solid waste streams and 97 potentially hazardous solid waste streams were disposed in the
Present Landfill (DOE 1992a). Procedures were implemented to stop the disposal of hazardous
waste into the Present Landfill in the fall of 1986. -

In 1989, waste streams were further characterized under the Waste Stream Residue Identification
and Characterization (WSRIC) program. Of the 183 identified waste streams disposed in the
landfill between 1986 and 1998, none were determined to be hazardous.

According to the Site RCRA Part A Permit Application, hazardous waste was also shipped off
site before hazardous waste disposal ceased at the Present Landfill. The off-site disposal waste
included paint thinners, evaporator salts, spent plating bath solution and waste water, mixed
laboratory wastes, process facility sludges, photographic solutions, spent halogenated solvents,
electrochemical milling sludge, metal heat treating salt and sludge, commercial chemicals, used
lubricating oil, PCB transformer fluid, and contaminated process equipment.

The Present Landfill continued to receive sanitary waste and construction debris for 12 years
after the disposal of waste containing hazardous constituents ceased.

2.5 Environmental Setting

Geologic data used to characterize the Present Landfill were compiled from previous landfill
investigations, existing geologic characterization reports, U.S. Geological Survey publications,
Colorado School of Mines reports, the Phase I RFI/RI, Annual RFCA Groundwater Monitoring -
Reports, and the supplemental Phase I field investigation. A summary of the general geologic
framework, description and distribution of surficial and bedrock geologic units, description of
geotechnical properties, and description of the East Landfill Pond sediments are presented in the
following sections. Geologic borehole logs are contained in the OU 7 Final Work Plan (DOE

1994). -

25.1 General Geologic Framework

RFETS is situated approximately two miles east of the Front Range of Colorado on a pediment
covered by alluvium. The surface of the alluvium slopes to the east at 1 to 2 degrees. Most of the
surrounding BZ is more prominently dissected with intermittent streams. The approximately
9,000-foot thick stratigraphic sequence that underlies the Site extends from the crystalline
Precambrian gneiss, schist, and granites at 3,000 feet below ms] to the unconsolidated
Quaternary deposits at the surface approximately 6,000 feet above msl. The Cretaceous Pierre
Shale and Fox Hills Sandstone underlie the Site, with the latter exposed in quarries along the
western boundary. The Cretaceous Laramie and Arapahoe Formations are exposed at the surface
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or underlie the Site. The Quaternary Rocky Flats Alluvium unconformably overlies the
Arapahoe and Laramie Formations in the central portion of the Site. More recent Valley Fill
Alluvium and colluvium are also present. The unconsolidated surficial deposits, combined with
the weathered portion of subcropping bedrock formations, form the sequence of materials that
have the greatest importance regarding groundwater flow and contaminant transport at the Site.
The Site is located along the western margin of the Denver Basin, an asymmetric basin with a
steeply dipping western flank and a gentle west dipping eastern flank. A monoclinal fold limb
west of the Site is the most significant structural feature in the vicinity of the Site. Along the
west limb of the fold, an angular unconformity exists between the Cretaceous bedrock and the
base of the Rocky Flats Alluvium.

No active faults have been identified at the Site. Several high angle bedrock faults have been
inferred to exist in the IA based on various stratigraphic and borehole correlation criteria. These
faults appear to have only a limited hydrologic significance with regard to vertical groundwater
movement and contaminant transport.

The upper hydrostratigraphic unit (UHSU) at RFETS consists of the unconsolidated surficial
deposits, weathered bedrock, and sandstones hydraulically connected to the overlying units.
Groundwater in the UHSU is unconfined and is considered to be equivalent to the uppermost
aquifer at the Site, although in many areas of the Site the amount of water available in the UHSU
is insufficient to meet the definition of an aquifer. The depth to UHSU groundwater generally
becomes shallower and the alluvial saturated thickness, thinner, from west to east across RFETS
as the Rocky Flats Alluvium pinches out and the underlying weathered bedrock is closer to the
ground surface. All current UHSU groundwater impacted by Site activities discharges to surface
water before it leaves RFETS. Beneath the surficial materials and the consolidated deposits of
the UHSU are the geologic units of the lower hydrostratigraphic unit (LHSU)." The LHSU
consists of the consolidated, unweathered bedrock zone of the Arapahoe and upper Laramie
Formations that are not in hydraulic communication with the overlying UHSU. '

2.5.2 Description of Geologic Units

Geologic units at the Present Landfill consist of Rocky Flats Alluvium, colluvium, Valley Fill
Alluvium, and weathered bedrock of the Arapahoe Formation. Artificial fill (landfill wastes
mixed with daily cover) is also present within the landfill proper. These materials constitute the
UHSU at the Present Landfill.

The Rocky Flats Alluvium caps the divides north and south of No Name Gulch drainage. It is 25
to 30 feet thick on the northwestern, western, and southwestern sides of the landfill, and 10 to 15
feet thick on the divides north and south of the East Landfill Pond. The Rocky Flats Alluvium is
derived from quartzites and granites of the Coal Creek provenance west of the Site. Itisa
heterogeneous deposit dominantly composed of angular to subrounded, poorly sorted, coarse
gravel with boulders in a clay and sand matrix. Clay, silt, and sand lenses as well as varying
amounts of caliche are also present. These zones may be discharge points for alluvial
groundwater along the hillsides above the East Landfill Pond. '

Colluvium is material that has been deposited by slope wash, soil creep, and landslides and is -
derived from alluvial material and bedrock of the Arapahoe and Laramie Formations. Colluvium
covers the hillsides between the pediment on which the Rocky Flats Alluvium is deposited and

12




e

Final Interim Measure/Interim Remedial Action for the IHSS 114 and RCRA Closure of the Present Land(fill

the No Name Gulch drainage and East Landfill Pond. It is I to 5 feet thick on the slopes around
the pond and below the dam. Soil development has occurred w1th1n colluvium, and roots are
present to a depth of 3 feet.

Valley Fill Alluvium is present in the No Name Gulch drainage below the East Landfill Pond
and is composed of clay, silt, sand, and gravel. The alluvium is 3 to 8 feet thick in the area of the
Present Landfill and becomes thicker downstream (to the east). Usually these deposits contain
more sand and are well sorted compared to the Rocky Flats Alluvium.

Artificial fill and disturbed surficial material are present within the boundaries of the Present
Landfill. The thickness of the fill ranges from approximately 5 to 45 feet. The fill is thickest
near the centerline of the valley and thinnest around the perimeter of the landfill, inside the
surface water diversion ditch. An actively slumping area occurs in the artificial fill material on
the northeastern side of the landfill. Seeps are observed along the slope in this area.

Bedrock, consisting of claystones, siltstones, and fine-grained sandstones of the Arapahoe
Formation unconformably underlies the unconsolidated deposits. The Arapahoe Formation is
generally less than 25 feet thick at RFETS, occurring as erosional remnants. The base of the
Arapahoe Formation, often referred to as the No.1 Sandstone, and which unconformably overlies
the Laramie Formation, is marked by lenticular sandstone. The No.1 Sandstone is of concern as
a potential contamination pathway, especially where it subcrops beneath alluvium. The basal
portion of the Arapahoe Formation is shown underlying the Rocky Flats Alluvium on the divides
north and south of No Name Gulch drainage on geologic maps of Rocky Flats. However,
sandstones exhlbltmg the distinctive characteristics of the No. 1 Sandstone, are not exposed at
the surface or in any of the drill cores from the Present Landfill. The contact between the
Arapahoe and Laramie Formations is difficult to interpret in the absence of the No. 1Sandstone.
Therefore, in this document, the Arapahoe and Laramie Formations are undifferentiated.
However, in the No Name Gulch drainage downgradient of the landfill, the elevation of the
bedrock is low enough that it is likely the Laramie Formation.

The Laramie Formation, which is approximately 600 to 800 feet thick, is composed of a thick
upper claystone interval and a lower sandstone, claystone, and coal interval. The upper 300 to
500 feet consist primarily of olive-gray and yellowish-orange claystones. Within the upper
claystone interval, thin, lenticular sandstone lenses (designated as Nos. 2, 3, 4, and 5 Sandstones)
have been identified beneath the No. 1 Sandstone and are considered to be Upper Laramie
Formation. Where present, the sandstones are olive-gray, very fine-grained, subangular, well
sorted, locally calcareous, silty, and clayey. Because they lie within claystones and are not in
hydraulic connection with either the No. 1 Sandstone or the surficial deposits, these sandstones
are not considered significant pathways for migration of contaminants.

The bedrock at the Present Landfill is composed of gray-to-brown claystone containing a trace of
carbonaceous material and occasional thin interbeds of siltstone and, less frequently, fine-grained
sandstone. Sandstones are composed of gray, very fine-grained to fine-grained, subangular to
subrounded, well-sorted, quartzose sand. Sandstones are frequently interbedded with siltstones.
These units vary from 4 to 35 feet thick.

13
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2.5.3 Distribution of Geologic Units

Geologic units beneath the Present Landfill consist of a thin covering of colluvium on the
hillsides and valley-fill alluvium in the No Name Gulch drainage. Both are underlain by the
Laramie Formation. The colluvium consists of clays and silts. The valley-fill alluvium is
composed of gravelly, clayey sand. Geologic units on the groundwater divides adjacent to the
landfill consist of Rocky Flats Alluvium, underlain by the undifferentiated Arapahoe and
Laramie Formations. The Rocky Flats Alluvium consists of clayey gravels and sands.

" Lithologies of the undifferentiated Arapahoe and Laramie Formations are typically limited to

claystones and siltstones.

Fine-grained sandstone subcrops beneath the alluvium, downgradient of the East Landfill Pond
dam. This sandstone pinches out approximately 500 feet downstream. Shallow sandstones,
present within 15 feet of the contact between the alluvium and bedrock, were encountered in
wells located within the landfill on the southern side and on the southwestern shore of the East
Landfill Pond. Based on a 2-degree regional dip, it is expected these shallow sandstones do not
subcrop in the area of the Present Landfill and are not preferential pathways for migration of
contaminants.

Other Laramie Formation sandstones are present at depths where there is no hydraulic
connection with surficial deposits. Laramie Formation sandstones were identified near the East
Landfill Pond, within the landfill, and downgradient of the dam, in the No Name Gulch drainage.
Laramie Formation sandstones were also identified at depths of 50 to 125 feet below ground
surface. :

' 254 East Landfill Pond Sediments

Sediments have been accumulating in the East Landfill Pond since its construction in 1974. The
sources of contaminant loading to the East Landfill Pond sediments include the Present Landfill
seep water and surface water, runoff from surrounding slopes. Results from sampling events
performed during the Phase I RFI/RI indicate the sediments consist of clay, silt, and organic
matter, ranging from 0.5- to 0.8-foot thick. The upper 0.2 to 0.5 foot of sediments consist of
black silt and clay, with very fine roots occurring in either thin mats or scattered throughout the
core. No bedding or lamination was visible. The remaining 0.3 to 0.4 foot of core consisted of
very dark gray clay with some silt. Very fine roots were observed, decreasing with depth. The
East Landfill Pond sediments are underlain by olive-gray claystone of the Laramie Formation.

2.5.5 Hydrologic Setting

The Present Landfill is located within the Walnut Creek Drainage, which consists of three
tributaries: The No Name Gulch drainage, North Walnut Creek, and South Walnut Creek. These
tributaries drain the central and northern area of RFETS. .

A surface water diversion ditch was constructed around the perimeter of the Present Landfill in
1974 to divert surface water runoff around the landfill and reduce infiltration of surface water
into the landfill. On the northern side of the landfill, the ditch runs under a perimeter road
through a small culvert and east into a small, natural drainage that eventually joins the No Name
Gulch drainage below the East Landfill Pond dam. On the southern side of the landfill, the ditch
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runs east above the East Landfill Pond and drops into the No Name Gulch drainage below the
dam (Figure 2). '

The East Landfill Pond covers approximately 2.5 acres. Pond water levels are controlied to
prevent overflow into the spillway draining to the No Name Gulch drainage. Recharge to the
pond occurs from direct precipitation, groundwater discharge, Present Landfill seep flow, and
surface water runoff from the surrounding hillslopes. The majority of flow into the East Landfill
Pond comes from direct runoff and Present Landfill seep flow, while groundwater discharge is
likely limited because of the relatively low hydraulic conductivity of the underlying weathered
bedrock. The groundwater intercept system was also designed to discharge into the East Landfill
Pond; however, data are unavailable to indicate whether this occurs. (Additional information is
provided in the integrated hydrologic flow model [Appendix C], and in Section 2.5.7.3 regarding
the operation of the landfill trench system.) The East Landfill Pond discharge occurs by natural
evaporation, seepage downward into weathered bedrock seepage through the clay core of the
dam, and water transfers to Pond A-3. :

2.5.6 Hydrogeologic Setting

In the area of the Present Landfill, groundwater flows predominantly within the UHSU. The
UHSU is composed of materials that include the Rocky Flats Alluvium, colluvium, Valley Fill
Alluvium, and weathered claystone bedrock. Unweathered bedrock claystones are included as
part of the LHSU. The thickness of the weathered bedrock material varies considerably in the
vicinity of the landfill, ranging from approximately 4 to 35 feet.

The mean hydraulic conductivity values for the landfill waste, colluv1um Rocky Flats Alluvxum
and Valley Fill Alluvium range from 1 x 10™* centimeter per second (cm/sec) to 1 x 10™ cm/sec.
The mean hydraulic conductivity value for the underlying weathered claystone of the Laramie
Formation ranges from 1 x 10 to 1x10” cm/sec. Unconfined storage coefficients (specific
yield) are relatively low for the UHSU material, estimated to be approximately 0.1 based on the
Site-Wide Water Balance (SWWB) modeling (K-H 2002a).

Most of the monitoring wells within the landfill have been abandoned in recent years in
preparation of closure of the facility. Historically, within the Present Landfill, groundwater was
encountered at approximately 20 feet at the western end, 16 feet in the middle, and 33 feet at the

- eastern end. The saturated thickness of UHSU deposits varies widely across the landfill, with the

thickest sections found in the Rocky Flats Alluvium at the western end, and the thinnest sections
found in colluvial and valley-fill deposits east of the East Landfill Pond and in the Rocky Flats
Alluvium along the south divide. In the past, the average depth to groundwater ranged from 5 to
15 feet in surficial deposits around the landfill.

Historically, water levels in the surficial deposits of the UHSU exhibit seasonal variations of as
much as 10 feet. The elevation of the water table is generally lowest in late winter and early
spring and highest during June and July. Available water level data indicate that a recharge event
generally occurs each year during the spring. Groundwater elevations in UHSU weathered
bedrock have shown seasonal variations of as much as 15 feet. '

Within the landfill wastes, groundwater generally flows toward the center of the landfill, and
then east towards the East Landfill Pond, although hydrologic modeling performed by the -
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RFETS has predicted that, within the waste, groundwater can flow locally toward the landfill
drain system (laterally outward) and then to the former western pond locations, where it then

flows eastward toward the Present Landfill seep area and discharges to the surface. At the

Present Landfill seep location, groundwater is forced out to the ground surface because of the
lower saturated hydraulic conductivity of the shallow underlying weathered bedrock.
Groundwater also concentrates at this location because it is located along the centerline of a
former streambed (No Name Gulch drainage), where northern and southern hillslope
groundwater flow would have been directed. Currently, the model suggests saturated zone flows
within the UHSU and waste material upgradient of the Present Landfill seep discharge to the
ground surface at this location.

Outside the landfill, groundwater flow directions generally mimic surface topography and the
weathered bedrock surface. The Present Landfill seep discharge is first treated and then flows
mostly as surface flow over the ground surface, until it mixes with the East Landfill Pond water
and either evaporates or is pumped to Pond A-3. Some of the East Landfill Pond water likely
percolates downward into underlying bedrock materials and lateraily through the dam, although,
these flows are likely small due to the low permeabilities. The groundwater flow from and
beneath the landfill dam then flows within shallow alluvium within No Name Gulch drainage,
where it flows until it is discharged as evapotranspiration or as surface flow in No Name Gulch
drainage. The No Name Gulch drainage rarely flows immediately downgradient of the dam
(once every three years®).

As stated above, current water level data from within the landfill are unavailable. The historic
vertical hydraulic gradients that were calculated for well pairs within the landfill generally
indicate a net downward (recharging) component of flow, with values ranging from 0.022 to
1.099 feet per foot (ft/ft). At one well pair situated within the center of the landfill, groundwater
had a slight upward (discharging) vertical gradient that ranged from 0.020 to 0.026 fi/ft.
Historical data from all the well pairs indicate that vertical hydraulic gradients generally
remained constant over time. A vertical hydraulic gradient for current downgradient well pair .
4087/B206989, calculated in July 2002, indicates a downward component of flow at 0.686 ft/ft.

2.5.7 Conceptual and Numeric Integrated Hydrologic Flow Model

An integrated hydrologic model, similar to that developed for the SWWB (K-H 2002a), was
developed for the Present Landfill system. Its development and application is presented in
Appendix C. The purpose of this model was to assess both surface and subsurface flow
conditions to support analysis of water quality data (Section 2.6). Specifically, overland flows
are dynamically coupled to unsaturated and saturated zone flows. Consequently, the integrated
model developed for the landfill is capable of simulating ponding and subsequent surface runoff
and infiltration into the subsurface. The model also provides a physically realistic means of
simulating the spatial and temporal distribution of recharge and evapotranspiration over both
waste material and surrounding existing soil. This system response is essential to simulating
groundwater flows within the waste and surrounding areas.

Information for the Present Landfill modeling project was derived principally from available
reports in the Environmental Restoration (ER) library, Sitewide well data, and data collected for

3 personnel communication G. Squibb, 2003. .
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the SWWB (K-H 2002a). Landfill-related hydrogeologic data and history were evaluated first
and used to develop an integrated conceptual flow model for the landfill. A numeric model was
then constructed using the integrated flow code MIKE SHE, in an approach similar to that used
in developing the regional SWWB model (K-H 2002a). Details of the integrated numeric design
of the MIKE SHE flow model for the Present Landfill are described in detail in Appendix C. -

The integrated hydrologic model focused on the Present Landfill and surrounding areas.
Geologic surfaces for the top and bottom of the weathered bedrock zone were interpreted based
on the most complete compilation of historical borehole information from the landfill area to

.date. The extent and thickness of the waste material from previous work were incorporated into
the model. In addition, key landfill control structures, such as the groundwater interception

system (GWIS), clay barrier, landfill drain, and slurry walls, were also included in the model

" design. Published vegetation distributions for the 1993 to mid-1995 and 2000/2001 time periods

(K-H 2002a) were converted into hydrologically significant categories and used in the model for
calibration and model validation. The REF-ET Program (Allen 2000) was used to calculate the
PET using the FAOS56 version of the standard Penman-Monteith equation for 1993 and 1994 Site
climatic data. '

2.5.7.1 Conceptual Flow Model

Precipitation in the form of rain or snow intercepts the ground surface and begins to infiltrate. If
storm intensity and duration are sufficient, ponding may occur, although under typical conditions
this generally does not occur (not even once per year). Ponding over the western portion of the
landfill would then lead to surface runoff, which would be diverted around the landfill and
discharged to the No Name Guich drainage below the East Landfill Pond dam. Ponding over the
eastern part of the landfill is directed toward the East Landfill Pond.

Shallow surface infiltration rates of precipitation to the unsaturated zone are relatively high,
given the high effective saturated hydraulic conductivities of surface soil. Although only a
portion of the total infiltrated water actually recharges the saturated zone (or groundwater table),
recharge rates are relatively high. Generally rates are several inches, as reported in the recent
SWWB modeling (K-H 2002a).

Although groundwater flows regionally from west to east at RFETS, locally it closely follows
surface topography and the weathered bedrock surface. Near the Present Landfill, groundwater
flows from hilltop ridges to nearby streams. Groundwater is also redirected locally toward such
features as the landfill trench system, which includes the GWIS, landfill drain system, and clay
barrier, as shown on Figure 3. Groundwater flows vertically downward over the entire system,
except as shown near the Present Landfill seep and downgradient stream area (i.e., No Name
Gulch drainage). Groundwater flows are greater in the unconsolidated material and waste than
in the weathered bedrock due to higher average hydraulic conductivities. Flows in the
unweathered bedrock are much lower than in the weathered bedrock because of even lower
hydraulic conductivities. '
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Figure 3
Conceptual Flow Model for the Present Landfill
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The landfill trench system does not fully extend to weathered bedrock along its entire length, as
shown on Figure 3. Despite this, groundwater levels are still controlled by the barrier system.
The clay barrier prevents the Present Landfill leachate from entering the external GWIS drain, or
external water from entering the landfill drain system. Groundwater beneath the waste in
unconsolidated material and weathered bedrock flows laterally toward the Present Landfill seep
as shown. Near the Present Landfill seep, groundwater inflows (toward the Present Landfill
seep) from the northern and southern hillslope areas are limited due to the two east-west trending
slurry walls that extend into the weathered bedrock. The slurry walls, therefore, act to
additionally focus upgradient saturated zone flows toward the Present Landfill seep area. The
Present Landfill seep flow varies throughout the year and has been estimated at 1 to 7 gallons per
minute (gpm).

Water flows through the groundwater system and primarily discharges through seeps. There is
one primary seep at the Present Landfill located at the base on the eastern face of the landfill
(Figure 2) (known as the Present Landfill seep). A second intermittent seep area exists north of
SW097 on the hillside below the north asbestos disposal area (Figure 2). This seep only
activates during significant precipitation events, and its flow is not monitored.

_ At the Present Landfill seep, groundwater discharges to the surface from both the unconsolidated

material and the underlying weathered bedrock. All saturated zone flow upgradient of the
Present Landfill seep is conceptualized as discharging at the surface at, or immediately
downgradient of, the Present Landfill seep. The Present Landfill seep discharge then flows into
the East Landfill Pond after being treated. From the East Landfill Pond, groundwater flows
beneath (within the weathered bedrock) and through the dam at a slow rate because of low
associated permeabilities. Groundwater from the East Landfill Pond is largely constrained
downstream of the dam to flow within the valley fill alluvium, or weathered bedrock. From here
it mixes with lateral inflows from the northern and southern hillslope colluvium and landslide
deposits and becomes subject to loss as evapotranspiration. The SWWB modeling showed that
most of this water is subject to loss locally by means of evapotranspiration, while only a small
portion is subject to discharge as surface water flow, which occurs infrequently (once every three
years as previously reported).

2.5.7.2 Integrated Flow Model
The model was calibrated using data for the 1993 to mid-1995 period. This period was chosen.

~ because it was the latest historical period of water levél measurements within the Present

Landfill boundary, and spring 1995 was an extremely wet period with substantial system
response. Model calibration focused on matching average 1994 groundwater levels, timing, and
magnitude of system response at wells, and the Present Landfill seep flow at SW097.

Following model calibration, a sensitivity analysis was conducted to establish which model
parameters dominate the hydrologic flow response for the Present Landfill system. Model
sensitivity to hydraulic conductivity, leakage coefficients, landfill material properties, and East
Landfill Pond water levels was evaluated for Present Landfill seep flow, modeled GWIS
discharge, and groundwater levels.

The model was run for a validation period of Water Year (WY)2000 with the topography
modified to the current land surface at the landfill and the vegetation coverage revised to reflect
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that the landfill area had been reseeded in 1998. The model was found to be sensitive to the
WY2000 climate change and vegetation changes but simulates system response reasonably well.

A hypothetical scenario was run to evaluate the possible impacts of a potential closure scenario
for the Present Landfill. In this scenario, the landfill area cover material was assumed to be 2
feet thick and fully vegetated. Results of this simulation were then compared to simulated
landfill conditions without the additional cover and less established vegetation. These
simulations were run for the calibration model climate years of 1993 and 1994. An additional
run was performed with the wet year precipitation from the SWWB (K-H 2002a) to evaluate

. impacts of a wetter climate on the landfill system.

2.5.7.3 Key Modeling Findings

The primary purpose of developing a flow model was to better understand the past, current and
possible future integrated hydrologic conditions to support a detailed water quality analysis in
the Present Landfill area. The amount of modeling output generated through development and
application of the integrated Present Landfill model is substantial and provides new insight into
the integrated and dynamic hydrologic behavior within and surrounding the Present Landfill

“area. Key findings include the following:

e The calibrated integrated model reproduces observed annual Present Landfill seep
(SW097) flow location and discharge and key spatial and temporal well water level
response to annual recharge events and evapotranspiration reasonably well.

e The model shows that observed Present Landfill seep flow and water level data are best
simulated when the landfill trench system (i.e., GWIS, clay barrier, and landfill drain) is
assumed to be functional.

A sensitivity analysis was performed to evaluate how the system responded without the
_external GWIS drain.. Results showed that hydraulic heads, or groundwater levels,
increased only slightly external to the landfill GWIS but still reproduced observed heads
reasonably well without the external drain. In addition, the seep discharge also increased
as a result of the increased gradient in toward the internal GWIS landfill drain, which
preferentially drains to the former western pond area and then to the seep. Either way,
simulated heads, flow paths, and seep discharge rates were similar for both cases.
Therefore, the model results were generally not sensitive to whether this.external drain is
operational. Ultimately, the external GWIS drain may only distribute groundwater along
the drain, extracting groundwater from higher water level areas and infiltrating
groundwater where levels are lower. Because of this, groundwater may never discharge
into the nonperforated portion of the pipe.

e Modeling shows that groundwater interior to the trench system flows outward to the
landfill drain and is then routed toward the former West Landfill Pond area. Exterior
groundwater is intercepted by the GWIS and directed away to either the East Landfill
Pond or the No Name Gulch drainage. The clay barrier prevents exterior and interior
flows from mixing. ‘
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e The model shows that water in the landfill waste material is derived mostly from direct

recharge of precipitation over the waste material (greater than 90 percent), rather than
lateral or vertical groundwater inflow.

The basis for 90 percent infiltration versus 10 percent lateral groundwater inflow rather
than previously reported 60 percent infiltration and 40 percent lateral groundwater inflow
is due to differences in how the landfill area was modeled. Previous modeling only
considered groundwater flow (i.e., only a groundwater model), while recent results are
derived through integrated modeling that considers the coupled behavior of overland
flow, unsaturated zone flow, and saturated zone flow. As a result, more information is
used to calibrate the integrated model. For example, short-term groundwater level
fluctuations over multiple years and seep discharge (and semiquantitative observations
that overland flow is limited) are used to calibrate the integrated model. This model also
simulates the transient behavior of groundwater flow conditions, while former
groundwater modeling assumed steady-state conditions and assumed the spatial and
temporal distribution of groundwater recharge, a critical factor in simulated groundwater
flows within and surrounding the Present Landfill. Former modeling had no basis for. -
calculating the recharge and, as such, could not calculate the infiltration versus lateral
groundwater inflow accurately. The integrated model calculates the complex spatial and
temporal recharge to the groundwater system within and external to the landfill waste
area by reproducing key groundwater level fluctuation characteristics such as timing of
major annual recharge events, approximate magnitude of groundwater level adjustments
to these recharge events, and subsequent drainage response to these perturbations. The
integrated model results showed clear differences between landfill waste wells and those
external to the waste in terms of these characteristics. As such, the integrated model -
produces more realistic and accurate results. :

The Present Landfill seep flow at SW097 is most sensitive to the hydraulic conductivity
of the waste material and other unconsolidated material, the hydraulic conductivity of the
landfill drainage material, and the hydraulic conductivity of the weathered bedrock.
Modeling results show subsurface water in the footprint of the landfill system, upgradient
of the Present Landfill seep, discharging to the Present Landfill seep, or the East Landfill
Pond, regardless of whether the landfill trench system is functional.

In a hypothetical scenario where additional cover material and fully developed vegetation
are assumed, modeled seep flow is reduced by approximately 10 percent compared to the
baseline scenario (i.e., current landfill configuration and WY2000 climate). In a
comparably wet year, seep flow increased by approximately 10 percent, while mean
modeled groundwater elevations in the landfill increased by 0.1 meter.

.In another hypothetical scenario where recharge within the landfill clay barrier and slurry

walls is reduced by approximately 90 percent, modeled seep flow decreases
approximately 25 percent over a 2.5-year period. This is mostly from a decrease in
saturated zone storage. Mean modeled groundwater elevations in the landfill decrease by
0.5 metei. Lateral subsurface flow into the landfill area is still small, but increases as a
result of increased gradients across the landfill trench.
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2.5.8 Meteorology and Air Quality

RFETS is located in the southern Rocky Mountains and has a continental, semiarid climate. The
region is noted for large seasonal temperature variations, occasional dramatic short-term
temperature changes, and strong, gusty winds that reach 75 miles per hour (mph) annually and
100 mph every three to four years. Mean annual precipitation is approx1mately 15.5 inches, with
approximately one-half occurring as snow.

Although air quality is generally better at RFETS than in the urbanized portion of the Denver
Metropolitan Area, the Site is continuously and extensively monitored for air pollutants. The
Site is located within the Metropolitan Denver Intrastate Air Quality Control Region No. 36
(Region).

Radiological air emissions both on and off site are largely unrelated to Site operations. Most
radiation is naturally occurring background radiation from sources such as radon. The annual
background dose for Denver area residents is approximately 418 millirems (mrem). Radioactive
emissions from the Site are principally from contaminated soil, with an annual dose for the

_nearest, most impacted off-site resident of approximately 0.1 mrem. Facilities with potential

radionuclide emissions are continuously monitored to ensure emissions are properly controlled
and comply with applicable regulations.

Additional details concerning meteorology, air quality, monitoring, and air emission controls at
the Site can be found in the Rocky Flats Cumulative Impacts Document (CID) (DOE 1997), and
the 2000 CID Update Report (DOE 2001). .

2.5.9 Ecological Settmg

The BZ surrounding the IA of the Rocky Flats site generally supports a wide variety of native
plant communities and wildlife. However, the areas in and around the Present Landfill have
been subject to extensive physical disturbance associated with the landfill operations and
construction of the East Landfill Pond and groundwater intercept system.

2 5.9.1 Vegetation

The Rocky Flats site is located between Boulder and Golden, Colorado, in a transitional zone
known as the Colorado Piedmont. The Colorado Piedmont is an area of dissected topography
containing floristic features from the Great Plains prairie and the Rocky Mountain foothills. The
present-day vegetation of Rocky Flats is dominated by xeric tallgrass prairie, mesic mixed
grassland, wetlands, and plains cottonwood riparian woodland/shrubland communities. Typical
species on the xeric tallgrass prairie that occurs on the pediment tops are big bluestem, little
bluestem, mountain muhly, Canada bluegrass, needle and thread grass, and a variety of other
grass and forb species. Grasses prevalent on mesic mixed grassland sites include western
wheatgrass, blue grama, sideoats grama, green needle grass, Canada bluegrass, Kentucky
bluegrass, and prairie junegrass. Common upland forbs include hairy gold-aster, white sage,
western ragweed, broom snakeweed, and scurfpea. Wetland areas are dominated by rushes,
bulrushes, sedges, and cattails, while along the streams willows, leadplant (wild indigo), and
plains cottonwoods are prevalent. Various weedy species such as cheatgrass, Japanese brome,
diffuse knapweed, dalmatian toadflax, musk thistle, common mullein, St. Johns Wort, and a host
of others are common on upland sites. In the wetter areas, Canada thistle is common. Reclaimed

22




T

Final Interim Measure/interim Remedial Action for the IHSS 114 and RCRA Closure of the Present Landlfill

sites are dominated by smooth brome, crested wheatgrass, and intermediate wheatgrass. Specific
plant communities present in the Present Landfill area are described in the following subsections.

2.5.9.2 Xeric Tallgrass Prairie

The xeric tallgrass prairie is found on the pediment tops adjacent to the Present Landﬁll where
disturbance has not taken place. Based on vegetation studies from the BZ at the Site, common
species in this community include big bluestem, little bluestem, Canada bluegrass, mountain

.muhly, and Porter’s aster, in addition to somewhat less common species such as blue grama,

hairy grama, junegrass, indian grass, sun sedge, and various other forb species. At most
locations around the Present Landfill, this community type has been degraded by invasions of
diffuse knapweed.

2.5.9.3 Mesic Mixed Grassland

The mesic mixed grassland occurs on the hillsides in the vicinity of the Present Landfill and
across the Site. It is the predominant plant community on the hillsides in No Name Gulch.
Common grasses include western wheatgrass, blue grama, Sideoats grama, Canada bluegrass,
and prairie junegrass. At some locations, Kentucky bluegrass, big bluestem, little bluestem,
crested wheatgrass, and needle-and-thread are also present. Forbs include scurfpea, various

species of sage and asters, and other less frequent wildflower species. Prickly pear cactus are

also common throughout the area.

2.5.9.4 Disturbed Community

Some locations around the Present Landfill are dominated by a disturbed community
classification. This community classification occurs where the native soil and vegetation have
been disturbed or altered. At these locations, early successional, weedy species such as diffuse
knapweed, St. John’s Wort, musk thistle, and other annual/biennial species are common. This
low-quality habitat provides little value for wildlife in the area.

2.5.9.5 Landfill Surface

In 1998, after closure of the landfill, the landfill surface itself was reseeded with a native seed
mixture to establish a vegetative cover. Monitoring conducted in 2001 revealed the landfill
surface was dominated largely by blue grama, western wheatgrass, buffalo grass, and Sideoats
grama (all seeded species). Some bare areas were present; however, the vegetation appeared to
be filling in the spaces between the plants (K-H 2002b).

2.5.9.6 Wetlands

. Tall and short marsh wetland communities occur in the area around the East Landfill Pond. A

total of 3.1 acres of wetlands, as delineated by the U.S. Army Corps of Engineers (1994), are
located in the immediate vicinity of the Present Landfill, including 0.8 acre of palustrine
emergent wetlands at the margins of the East Landfill Pond, and 2.3 acres of lacustrine wetlands
associated with the pond bottom and open-water habitat combined. The 0.8 acre of palustrine
wetlands represents approximately 0.5 percent of the palustrine and riverine wetlands at RFETS.
The East Landfill Pond represents approximately five percent of the Site’s open water habitat,
and approximately 6 percent of the shoreline habitat. In No Name Gulch, a narrow ribbon of
wetland occurs in the bottom of the drainage. The wetland types along No Name Gulch include

. palustrine emergent (seasonally and temporarily flooded), a small palustrine emergent
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impoundment, and some palustrine scrub- shrub (seasonally flooded). Most of the time, No
Name Gulch is dry.

2.5.9.7 Wildlife

The Rocky Flats Site supports a wide variety of wildlife: large and small mammals, birds,
reptiles, amphibians, aquatic macroinvertebrates, and fish. This relatively rich animal
community is, in part, due to the isolation of the Site from the increasing human activity in the
surrounding areas. Few specific wildlife surveys have been conducted at the Present Landfill,
except where specified below. Therefore, the information presented is based on what has been
found in similar habitats elsewhere at the Site.

The most abundant large mammal is the mule deer; population estimates vary annually between
100 and 150 animals. White-tailed deer have also been infrequently observed. Large carnivores
present at Rocky Flats include coyotes, red foxes, gray foxes, striped skunks, long-tailed weasels,
badgers, bobcats, and raccoons. Eastern cottontails and white-tailed jack rabbits are also present.
Black-tailed prairie dogs occur in upland areas in the eastern portions of the BZ. Some ponds
support muskrats.

The Rocky Flats Environmental Impact Statement (EIS) (DOE 1980) reported that eight species
of small mammals were captured during a live-trapping program in 1975: harvest mice, deer
mice, meadow voles, thirteen-lined ground squirrels, hispid pocket mice, silky pocket mice,
pocket gophers, and house mice. A more recent study has documented the occurrence of six .
additional species: Mexican woodrats, plains and western harvest mice, prairie voles, and both
western and meadow jumping mice (DOE 1993¢). Small mammal trapping conducted during
1995 and 1996 around the Present Landfill pond documented western harvest mice, deer mice,
meadow voles, thirteen-lined ground squirrels, prairie voles, and house mice (K-H 1996). The
Preble’s meadow jumping mouse, a federally listed threatened species, was not documented in
the vicinity of the Present Landfill. Trapping and telemetry work conducted in Walnut Creek in
1999 continued to document the absence of Preble’s mice in the vicinity of the landﬁll area (K-H
2000b).

The varied habitats at the Rocky Flats site support many bird species. Common grassland birds
include western meadowlarks, horned larks, vesper sparrows, grasshopper sparrows, western
kingbirds, and eastern kingbirds. Riparian areas dominated by cottonwoods support black-billed |
magpies, northern orioles, yellow warblers, warbling vireos, American robins, indigo buntings,
blue grosbeaks, and lesser and American goldfinches. MacGillivray’s warblers, yellow-breasted
chats, black-headed grosbeaks, green-tailed and rufous-sidéd towhees, and lazuli buntings occur
in other wooded areas. Marshlands support song sparrows, common yellowthroats, red-winged
blackbirds, common snipe, and sora rails. Common birds of prey occurring at the Rocky Flats
site include American kestrels, northern harriers, red-tailed hawks, Swainsons’s hawks, great
horned owls, and long-eared owls. Occasionally, golden eagles, prairie falcons, rough-legged
hawks, and short-eared owls are observed. Bald eagles are noted visitors during the winter.
Open-water areas, including ponds and intermittent creeks, attract water birds such as mallards,
gadwall, green-winged teal, blue-winged teal, pied billed grebes, spotted sandpipers, killdeer,
great blue herons, black-crowned night-herons, and double-crested cormorants. Migrating
sandhill cranes have also been observed at the Site.
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The Rocky Flat site supports several species of reptiles and amphibians. Snake species include-
bull snakes, yellow-bellied racers, western terrestrial garter snakes, and prairie rattlesnakes.
Western painted turtles are also present. Amphibian species include plains leopard frogs,
Woodhouse’s toads, boreal chorus frogs, and tiger salamanders. Boreal chorus frogs have been
heard during vocalization surveys at the East Landfill Pond (K-H 1999, 2000b, 2001, 2002b).

Surface water at Rocky Flats supports a variety of aquatic macroinvertebrates, including snails
and several orders of insects and crustaceans: Oligochaeta, Amphipoda, Decapoda, Hyracarina,
Plecoptera, Ephemeroptera, Odonata, Trichoptera, Coleoptera, Diptera, Gastropoda, and
Pelecypoda.  Some ponds and creeks are inhabited by fathead minnows, common carp, white
suckers, creek chubs, golden shiners, and green sunfish. Largemouth bass have been found in
Ponds C-1 and A-2 and Lindsay Pond. However, the East Landfill Pond supports no fish and
only a depauperate benthic macroinvertebrate community. Macrobenthic sampling conducted in
1991 documented only eight taxa of macrobenthic organisms present in the pond, including
organisms in the groups: Gastropoda, Pelecypoda, Oligochaeta, Hydracarina, Amphipoda, and
Diptera (DOE 1992b). Fish sampling conducted in 1999 at the pond captured no fish; however,
a few frogs were captured. The No Name Gulch drainage is dry most of the time and surface
water is present only during rain/snow events; therefore, no aquatic sampling has been conducted
in the No Name Gulch drainage.

2.5.9.8 Sensitive Habitats and Endangered Species

Several wetlands identified at the Rocky Flats site are under the protection of state and federal
wetlands laws. Wetlands around the East Landfill Pond were mapped by the U.S. Army Corps
of Engineers (COE) (1994) and are described in the wetlands section above.

Only one federally listed species under the Endangered Species Act (ESA) (USC 1973) lives at
the Site: the Preble’s meadow jumping mouse. The mouse was discovered at the Site in the early
1990s and was federally listed as a threatened species in 1998 (63 FR 26517). Extensive studies.
were conducted by the DOE throughout the 1990’s to collect information on the range,
distribution, and habitat preferences of the mice in the drainages at the Site. Neither trapping
around the East Landfill Pond nor telemetry work in the Walnut Creek drainage has documented
the presence of the mouse at the pond or in the vicinity of the Preésent Landfill. RFETS has
submitted annual reports to the USFWS which documents trapping activities related to the -
Preble’s mouse. The USFWS has reviewed the reports and the information was entered into a

~ data base. The only other federally listed wildlife species with the potential to occur at the Site is

the bald eagle. Occasionally a bald eagle may visit the Site to forage for food, but no individuals
live at the Site. The nearest known breeding location for the bald eagle is Standley Lake, located
to the east.

No federally listed plant species occur at the Site. Two species that have the potential to occur
here, the Ute ladies-tress orchid and the Colorado butterfly plant, are not known to occur on site.
Field searches were made for these species from 1993 through 1995 and no individuals of these
species were found (ESCO 1992, 1993, 1994).

2.5.10 Surrounding Land Use and Population

The Site is bordered by State Highway 128 to the north, Indiana Street to the east, State Highway
72 to the south, and State Highway 93 to the west. Land directly north of Highway 128 is
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largely dedicated to open space. Land east of Indiana Street is zoned industrial/commercial to
the north and open space to the south. The City of Broomfield owns the open space south of the
Site, which includes Great Western Reservoir. The remaining land bordering the Site on the east
is zoned agricultural, with a projected plan showing an open space designation. Previous
Jefferson County open space east of RFETS is now owned by the City of Westminster. South of
the Site, privately owned land is used for grazing and hay production, and is zoned for
agricultural/commercial use. To the west, the Site is bordered by private land between the west
boundary and State Highway 93 and is used for quarrying and industrial development. The land
west of State Highway 93 is Boulder County open space. The land southwest of RFETS is
owned by the State of Colorado, and is permitted for grazing and mining.

2.6 RFCA Action Level Comparison

This section summarizes the characterization and monitoring activities associated with the
Present Landfill and compares the concentrations encountered to RFCA action levels (ALs). The
information is taken from the OU 7 Final Work Plan Technical Memorandum (DOE 1994),
reports prepared in accordance with the Site IMP (DOE 2000), Annual Groundwater Monitoring
Reports, and the Water Quality Assessment for the Present Landfill (Appendix D). This section
summarizes the information contamed in those documents but does not reiterate all the

. information.

2.6.1 Surface Soil

Surface soil samples were collected from the western end of the landfill, across IHSS 114 —
Present Landfill, and in the vicinity of the East Landfill Pond including the spray areas (within

" OU 7). Surface soil samples from the western end of the landfill were analyzed for PCBs,

metals, radionuclides, and nitrate as nitrogen (N). Surface soil samples from IHSS 114 — Present
Landfill were analyzed for SVOCs, metals, inorganics, radionuclides, and asbestos. Surface soil
samples from the vicinity of the East Landfill Pond were analyzed for radionuclides, metals, and
nitrate as N (DOE 1994). The surface soil data indicate some metals, radionuclides, and SVOCs

‘are present at concentrations greater than background (i.e., background means plus two standard

deviations [metals] or the method detection limits [MDLs] for SVOCs) (Appendix D). All
potential contaminant concentrations are less than RFCA Wildlife Refuge Worker (WRW) soil
ALs (DOE et al. 1996).".

2.6.2 Subsurface Soil

Subsurface soil samples were collected from IHSS 114 — Present Landfill including the spray
areas (within OU 7). Samples were collected from 2-foot intervals in alluvium and 4-foot
intervals in bedrock. The deepest samples collected ranged from a depth of 22 to 60 feet.
Subsurface soil samples were analyzed for metals, PCBs, radionuclides, SVOCs, VOCs, and
nitrate as N. The subsurface soil data indicate some metals, radionuclides, SVOCs, and VOCs
are present at concentrations greater than background (for metals) or MDLs (for SVOCs and

'VOCs) (Appendix E). All potential contaminant concentrations are less than RFCA-WRW soil

ALs (DOE et al. 1996).

4 Additional ecological ALs are being develope'cl. and ecological risks will be evaluated in the Accelerated Ecological Screening
Process and the CRA. )
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2.6.3 | Grotmdwater

Although groundwater monitoring began in 1986 (pursuant to the 1986 Compliance Order and
CERCLA Agreement), a formal groundwater evaluation was not conducted until 1988. The
uppermost aquifer in the vicinity of the Present Landfill is defined to include alluvium (Rocky
Flats Alluvium and valley fill alluvium), colluvium, and weathered bedrock of the Arapahoe
Formation. In the landfill proper, the uppermost aquifer also includes the landfilled wastes.
Deep bedrock wells have been evaluated historically, and show no hydraulic connection with the
overlying uppermost aquifer. Downgradient alluvial groundwater had elevated major ions, iron,
manganese, strontium, and barium. However, these concentrations were either below
background or lower than concentrations detected within the landfill. High salts farther
downgradient in alluvial groundwater appeared to be from an unidentified natural source.
Bedrock groundwater quality appeared to be largely influenced by mineral dissolution within the
sandstone and claystone. High salt concentrations observed in bedrock wells were not seen in
alluvial groundwater within the landfill (Rockwell International 1989).

Historical sampling and analysis continued from 1988 through 1996, collecting data from
approximately 53 groundwater monitoring wells, including wells located within the landfill. By
1996, the entire RFETS groundwater monitoring program was reevaluated based on a DQO
process and was aligned with the new RFETS mission and RFCA requirements. Pursuant to the
IMP and consistent with 6 Colorado Code of Regulations (CCR) 1007-3, Part 265, eight
groundwater monitoring wells (four upgradient and four downgradient) at the Present Landfill
area are monitored to determine impacts to groundwater quality (Figure 2). A summary of
historical groundwater monitoring activities, beginning in 1986, is provided in Appendix B. .

As a result, groundwater elevation and analytical data from the elght RCRA monitoring wells at
the landfill were reviewed for. the period of 2001 through mid-2003°. There are four upgradient
RCRA wells (5887, 70193, 70393, and 70493), and four downgradient RCRA wells (4087,
52894, 52994, and B206989). (refer to Figure 2 for the locations.) Downgradient well 52994 was
dry for the period reviewed and is not included in this discussion. It is also noted, that '
downgradient RCRA nested wells 52894 and 52994 may provide little future information,
because they are dry much of the-time. The main thrust of this discussion regards the differences
in water levels within nested well pairs and differences in groundwater chemistry between the
upgradient and downgradient wells. :

Current groundwater quality was emphasized in this review of the eight RCRA wells. (For
additional information refer to the historical annual groundwater monitoring reports.)
Concentrations of contaminants are discussed with respect to Tier I and Tier II groundwater ALs.
For the time interval reviewed, there were no detections of any analytes above Tier I
groundwater ALs, with minimal potential to impact a surface water quality point of compliance
(POC). The groundwater monitoring program has never indicated a contaminated groundwater
plume from the Present Landfill. -

A statistical analysis of upgradient versus downgradient water quality at the Present Landfill is
presented in the 2001 Annual Rocky Flats Cleanup Agreement Groundwater Momtorlng Report
for the Rocky Flats Environmental Technology Site (SSOC, 2002). - The results of this analysis

3 Prior years’ data were not included because annual groundwater monitoring reports discuss this information.
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indicated that significant differences in upgradient versus downgradient water quality were found
for calcium, copper, lithium, magnesium, molybdenum, selenium, sulfate, total dissolved solids
(TDS), vanadium, U-233/234, U-235, and U-238. Of these analytes, only vanadium and
uranium-233/234 exhibited statistically significant increasing concentration trends in
downgradient well B206989. However, calcium, copper, molybdenum, and vanadium
concentrations were all below Tier II ALs. There are no groundwater ALs for magnesium or
TDS. :

The increase in metals and major cations and anions in downgradient groundwater, particularly
in the shallow bedrock, has been attributed to a secondary contaminant source (K-H and RMRS
2001) or to other natural processes involving evapotranspiration, and mineralization along the
groundwater flow path. These conjectures have been offered because historically the water

- quality in the unconsolidated material beneath the landfill does not suggest the Present Landfill

leachate is the source for these apparent impacts to groundwater quality downgradient of the East
Landfill Pond dam. Groundwater flow modeling also indicates that most, if not all, saturated
zone groundwater within the UHSU and waste material upgradient of the Present Landfill seep is
discharged to the surface at the Present Landfill seep, and the dam limits further downgradient
migration of this water in the subsurface. '

Although none of the elevated contaminant concentrations in UHSU groundwater downgradient
of the East Landfill Pond dam exceed Tier I ALs, and most do not exceed Tier II ALs,
groundwater quality in the unconsolidated material beneath the landfill was examined as an
additional evaluation of potential impacts of the Present Landfill leachate on groundwater quality
because of the above noted observations. Data for wells other than the eight RCRA wells were
evaluated, and details of the evaluation are presented in Appendix C.

2.6.3.1 Water Levels

'The nested upgradient UHSU well pair 70393 and 70493 is located approximately 400 feet

southwest of the western edge of the groundwater intercept system. Well 70393 is screened to
the base of the Rocky Flats Alluvium and well 70493 is completed in the weathered bedrock just
below the alluvium/bedrock contact. The screened interval and sand pack of this well does not
connect with the overlying alluvium. These RCRA wells generally maintain a water elevation
within approximately 1 foot, except for short periods after large recharge events such as the one
experienced at RFETS during March 2003.

This situation varies from the scenario observed at downgradient nested UHSU well pair 4087
and B206989, located approximately 250 feet east of the crest of the East Landfill Pond dam.
Well 4087 is screened to the base of the valley fill alluvium and well B206989 is completed in
the weathered bedrock just below the alluvium/bedrock contact. The screened interval and sand
pack of this well does not connect with the overlying alluvium. The head difference in these two
RCRA wells at the most recent time that they both contained water (July 2002) was
approximately 17 feet, with the deeper water level found in the weathered bedrock well.

2.6.3.2 Volatile Organic Compounds in Groundwater

For the analytical data reviewed from the downgradient RCRA wells, there were six sample
events with VOC analyses from well 4087, seven from well B206989, and two from well 52894.
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There were no concentrations of any VOCs above Tier II ALs from any of the sampling events at
any of the three wells, and very few detections of VOCs overall.

For the analytical data reviewed for the upgradient RCRA wells, there were 10 sample events
with VOC analyses at wells 5887, 70193, and 70493; and 12 sample events for well 70393.
Wells 5887 and 70193 exhibited no concentrations of VOCs above Tier Il ALs from any of the
sampling events and very few detections of VOCs overall. At nested well pair 70393 and 70394,
the alluvial well (70393) had concentrations of tetrachloroethene (PCE), trichloroethene (TCE).
and 1,1-dichloroethane (DCE) which were greater than their Tier II ALs. The concentrations
show little variation with time and are near the Tier Il ALs. Only TCE is found at a
concentration greater than the Tier II ALs for every sampling event, ranging from 10 to 22.6
micrograms per liter (ug/L). The VOCs at this upgradient location are believed to be associated
with the Property Utilization and Disposal (PU&D) Yard. The weathered bedrock well at this
location (70493) did not contain any VOC concentrations greater than Tier II ALs and very few
detections of VOCs overall.

These results indicate that there are no VOCs impacting downgradient groundwater quality

. resulting from the Present Landfill.

2.6.3.3 Metals in Groundwater

For the analytical data reviewed. from the downgradient RCRA wells, there were five sample
events with metals analyses from well 4087, six from well B206989, and two from well 52894.
Well 52894 exhibited no metals results greater than Tier II ALs. For nested well pair 4087 and
B206989, the weathered bedrock well (B206989) exhibited concentrations of selenium (ranging
from 196 to 410 pg/L) and lithium (ranging from 1,100 to 2,140 pg/L) for all sampling events
that were greater than their Tier IT ALs. The current 2003 concentrations are well below the
historic highs for the data set reviewed (2001-2003). There were also three thallium® results
from this well that were above Tier Il ALs, ranging from 2.4 to 4.6 pg/L. There were no
concentrations of metals above Tier II ALs from alluvial well 4087.

For the analytical data reviewed for the upgradient RCRA wells, there were 10 sample events
with metals analyses at wells 5887, 70193, and 70493, and 12 sample events for well 70393.
The only metals detections above Tier II ALs at the upgradient RCRA wells were for thallium.
Wells 5887, 70193, and 70493 contained two detections each; well 70393 contained one
detection. The range for all seven of the detections was 2.2 to 6.2 pg/L.

2.6.3.4 Radionuclides in Groundwater

For the data reviewed, all three of the downgradient RCRA wells contained Tier II exceedances
for the uranium isotopes uranium-233/234 and uranium-238 for all sampling rounds. This"
constitutes five and six samples from nested well pair 4087 and B206989, respectively, and two
samples from well 52894. Weathered bedrock well B206989 also exhibited Tier II exceedances
for U-235 for all sample events. The concentrations of uranium-233/234 and uranium-238 in
well B206989 are three to seven times greater (ranging from 51 to 60.5 pCi/L for uranium-
233/234, and 32 to 37.2 pCi/L for uranium-238) than the concentrations of these analytes in

6 A statistical analysis of upgradient versus downgradient groundwater quality indicated that there was no statistically significant
difference in thallium concentrations between upgradient and downgradient groundwater.
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alluvial well 4087 (ranging from 8.7 to 19 pCi/L for uranium-233/234, and 5.7 to 14 pCVL for
uranium-238).

In contrast, the four upgradient RCRA wells, which all have at least 10 sampling events in the
data reviewed, have very few Tier II exceedances for uranium isotopes, and the magnitude of the
exceedances are lower by over an order of magnitude when compared to downgradient well
B206989. All but one of the uranium-233/234 and uranium-238 Tier II exceedances in the
upgradient wells were from weathered bedrock well 70493.

For the data reviewed, including all eight RCRA wells, tritium and strontium-89/90 were not
detected above their Tier Il groundwater ALs. Although tritium and strontium-89/90 are below
RFCA ALs, all of the groundwater data for the Present Landfill were examined because elevated
concentrations of these radionuclides have been reported in the past.

A review of all fhe data for all the wells in the landﬁll‘vicinity indicates that the highest
concentrations of tritium occurred at wells 6387, 72093, and 72393, which were located near the

. center of the landfill. Concentrations have been as high as 3,500 pCi/L (well 72393).

Concentrations are considerably lower at the northern edge of the landfill (wells 6087 and 6787)
and farther downgradient (wells 72293 and 786), indicating the high concentrations of tritium are
localized. At well B206989, which is located downgradient of the East Landfill Pond dam, there
is only one reported value (506 pCi/L). All of these reported concentrations are well below the
Tier II groundwater AL of 20,000 pCi/L.

Review of all the data for all the wells in the landfill vicinity indicates that only well B207089
had a reported stront1um-89/90 concentration that exceeded the groundwater Tier II AL of 0.852
pCi/L. As shown in Table 1, the exceedance is a single occurrence on April 30, 1991 (11.17
pCi/L), and represents an‘anomaly relative to the remainder of the data. Therefore, groundwater
quality at the landfill has not been impacted by strontlum 89/90

Table 1
Strontlum 89/90 Activity in Well B207089 Over Time
Sample Date Strontium-89/90
| (pCi/L)
9/7/89 0.64
6/13/90 0.31
10/30/90 0.19
4/30/91 1117
6/14/91 0.46
- 7/17/91 0.56
10/18/91 . 0.75
2/20/92 004
4/28/92 0.04
7/10/92 ' -0.03
3/2/93 0.28
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4/21/93 -1.2
10/12/93 . 0.08
4/8/94 .008
10/13/94 -0.01
1/12/95 -0.25

2.6.3.5 Nitrate and Sulfate in Groundwater

Nitrate and sulfate were both found in downgradient UHSU weathered bedrock well B206989 at
concentrations above the Tier II AL for all seven sampling events within the time frame
reviewed (Sulfate was only analyzed for twice). The nitrate values ranged from 19 to 69.4
milligrams per liter (mg/L). The sulfate values were 2,760 and 2,800 mg/L. Both nitrate and
sulfate concentrations do not appear to have an increasing trend and have remained relatively
constant. A statistical analysis of upgradient versus downgradient nitrate and sulfate
groundwater quality has not been done for the most recent data. - However, based on the 2001

-analytical results, nitrate data do not indicate a statistically significant difference between

upgradient and downgradient water quality. No other downgradient wells exhibited nitrate or
sulfate concentrations greater than the Tier II Als for those analytes.

At the upgradient RCRA wells, all of which had at least 10 sample events there were no
detections of nitrate or sulfate above their Tier II Als.

2.6.3.6 Conclusions

Groundwater immediately downgradient of the East Landfill Pond contains elevated
concentrations of nitrate, sulfate, selenium, lithium, and uranium isotopes (Table 2). Although
the hydrologic flow modél indicates all saturated zone flow upgradient of the Present Landfill
seep is conceptualized as discharging at the surface, or immediately downgradient of the Present
Landfill seep, there is some potential that seepage or underflow of the dam is possible, which
may contribute to these elevated concentrations observed in downgradient weathered bedrock
well B206989. The concentrations of analytes observed in this well have not changed
significantly over time.

Table 2
Analytical Summary Of Downgradient UHSU Weathered Bedrock Well B206989, Tier 1T
Exceedances from 2001 to Present

7| Radionuclide (i Selcnlimitil E S
ey 233/U£235 e o ;
Eay e
2/01-3/01 NS 2140
701 60.5/1.5/372 1100
10/01 53.4/2.83/32.4 1150
1702 55.2/<Tier 11/33.9 1150
7702 56.6/2.07/35.1 1200
11/02 59.4/1.99/36.9 NS
1703 5172.1/32 1380
Tier 11 1.06/1.01/0.768 730
AL
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Notes: NS = not sampled; i
Downgradient wells 4087 and 52894 had Tier Il exceedances for uranium-233/234 and uranium-238 only (refer to text).

These results indicate selenium and lithium are present in downgradient groundwater quality at
levels below RFCA Tier I ALs and are not increasing in concentration. The water quality
assessment (Appendix D) supported by the hydrologic flow model and analytical data from the
Present Landfill seep, indicates that these constituents may not be associated with the Present

Landfill.

The continued presence of metals and anions (since 1986) in downgradient groundwater,

particularly in the shallow bedrock, may also be attributed to other natural processes involving
evapotranspiration, and/or mineralization along the groundwater flow path. These conjectures
have been offered because historically the water quality in the unconsolidated material beneath

the landfill does not suggest the Present Landfill leachate is the source for these apparent impacts - -

to groundwater quality downgradient of the East Landfill Pond dam. Groundwater flow
modeling also indicates that most, if not all, saturated zone groundwater within the UHSU and-
waste material upgradient of the Present Landfill seep is discharged to the surface at the Present
Landfill seep, and the dam limits further downgradient migration of this water in the subsurface.
A water quality assessment is also provided in Appendix D.

- The Actinide Migration Evaluation contains an investigation of historical groundwater uranium

data. Historical monitoring data for UHSU wells downgradient of the East Landfill Pond and
within the No Name Gulch drainage (Wells B206989, 4087, and 52894) show uranium levels to
be below RFCA Tier I groundwater levels but above Tier II (RFCA Attachment 5, Table 2). A
joint venture between CDPHE and DOE/Kaiser-Hill was conducted to accurately determine the
concentration of uranium isotopic species for specific ground water and surface water locations
at RFETS. Uranium ICP/MS ‘project studies from 1999 to 2003 included samples from the
Present Landfill locations SW-097 and well B206989. Project results determined that uranium-
236 is not present in the groundwater downgradient of the East Landfill Pond, indicating only
natural uranium to be present. The study did show that a sample from SW097 had contaminant
ratios but a low concentration of uranium (Pottorff, 2004). Based on data from the 2000 Annual
Groundwater Monitoring Report (K-H and RMRS 2000), total uranium at SW097 is 2.5 x 10!

pCi/L, below the surface water standard of 10 pCi/L for Walnut Creek.

Because the East Landfill Pond dam limits downgradient groundwater flow, and elevated
concentrations observed in well B206989 are downgradient of the dam and in weathered
bedrock, the potential for this water to impact surface water is very low. The flow model
indicates that most of this water would be subject to loss locally by means of evapotranspiration,
while only a small portion would be subject to discharge as surface water flow. Surface water
flow in the upper No Name Gulch drainage is more likely to infiltrate prior to reaching the lower
region of the No Name Gulch drainage or reaching surface water monitoring station SW033,
which is located along No Name Gulch drainage just above the confluence with Walnut Creek.

2.6.4 Present Landfill Seep

Water discharging from the eastern face of the landfill upgradient of the East Landfill Pond was
monitored at surface water station SW097 through 1995 (identified as the Present Landfill seep).
Beginning in 1996, after installation of the passive seep interception and treatment system,
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monitoring began of the influent, system midpoint, and effluent at the treatment system at
surface water stations SW00396, SW00296, and SW00196, respectively (Figure 2).

The East Landfill Pond dam impedes groundwater flow in surficial materials; therefore, the wells
in surficial materials directly downgradient of the dam are often dry. Also, the alluvium and
weathered bedrock at these locations are frequently dry or thinly saturated because the East
Landfill Pond dam acts as a barrier to alluvial groundwater flow from the west. In addition,
evapotranspiration demands of valley-bottom vegetation consume much of the available shallow
groundwater in the No Name Gulch drainage during the summer months.

2.6.4.1 Organics

As discussed in detail in Appendix D, many organic compounds have historically been detected
in the Present Landfill seep water. In general, organic detections are low and near the practical
quantitation limits (PQLs)/surface water standards. However, only benzene, bis(2-
ethylhexyl)phthalate, chloroethane, methylene chloride, naphthalene, PCE, TCE, and vinyl
chloride exceeded surface water standards. However, examination of the most recent data for
stations SW00196, SW00296, and SW00396 indicates that, with the exception of benzene,
organic compounds were either nondetected or below their respective surface water standards.
Benzene concentrations are very low and fluctuate about the surface water standard. Because the
benzene surface water standard (0.0012 mg/L) is near the PQL (0.001 mg/L), the random

- fluctuations of concentrations near the surface water standard is to be expected from a -

measurement sensitivity perspective. Therefore, the organic compound data for the treatment

- system stations indicate that.organic detections are at low concentrations near or below the

surface water standards. -

2.6.4.2 Inorganics

As shown in Appendix D, alummum antimony, barium, beryllium, cadmium, copper, lead,
mercury, silver, and zinc exceeded surface water standards (RFCA Attachment 5, Table 1) in the
Present Landfill seep water, primarily at SW097. However, with the exception of barium and
zinc, all of these metals were detected at concentrations (with rare exceptions) below surface
water standards at SW00196, which represent the most recent data for all of the surface water
stations in the vicinity of the Present Landfill seep. Barium and zinc were present at SW00196 at
concentrations just above their respective surface water standards, but the concentrations were
below Site background levels (from the Background Geochemical Characterization Report,
September 1993). Although metals were originally identified in the performance monitoring
program for the Present Landfill seep treatment system, these observed low levels resulted in
metals being excluded from the program. It is also noted that downgradient surface water quality
at station GS03 (the Site boundary POC) meets the surface water standards for these metals.

2.6.4.3 Radionuclides

As shown in Appendix D, gross alpha, gross beta, plutonium-239, radium-226, radium-228, and
tritium were detected at least once above the standards at SW097. However, in all cases, the
concentration time series presented in Appendix D shows that the most recent activities of these
radionuclides at this station were below surface water standards. Also, the radionuclide activities
are below surface water standards at SW00196. :
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2.6.5 Landfill Gas , |

Gas flow through landfill waste and soil occurs in response to pressure gradients (i.e., advective
flow), concentration gradients (i.e., diffusive flow), compaction and settling of wastes,
barometric pressure changes, and displacement due to potentiometric surface fluctuations.
Advection of landfill gas is typically the predommant transport mechanism. Off-gassing
pressures up to 0.44 pound per square inch (lb/m ) were measured at the Present Landfill during
the Phase I RFI/RL

The composition of landfill-generated gases was evaluated on the basis of screening-level data,
which indicated 45 to 70 percent methane and 20 to 40 percent carbon dioxide. Concentrations of
methane and carbon dioxide are highest in the eastern portion of the landfill where wastes are
thickest and were most recently disposed. Gas concentration maps and cross sections are
included in the OU 7 Final Work Plan Technical Memorandum (DOE 1994). Nonmethane
organic compound concentrations range from 0 to 152,000 mg/L and average 30,000 mg/L, and
include minor amounts of inorganic gases such as hydrogen sulﬁde

EPA’s Landfill Emissions Model Version 2.0 (LANDGEM) was used to calculate total landﬁll
gas emissions by estimating methane, carbon dioxide, and nonmethane organic compound
emissions individually and then summing the three model results. Model results indicated
relatively low rates of landfill gas generation, with the majority (approximately 80 percent) of
methane and total landfill gas production occurring by the year 2025, and almost all potential
production occurring by the year 2075 (K-H 2002c¢). Landfill gas generation was reevaluated
because the waste volume used for the LANDGEM calculation had included both organic and
inorganic landfill wastes. Based on a revised calculation using the volume of organic waste
contained in the landfill, the gas generation rate was 27 cubic feet per minute (cfm) (K-H 2002c)
lower than the 50 cfm determined earlier.

In situ soil gas sampling was performed to characterize VOCs in the unsaturated zone of the
landfill. VOCs detected at the landfill include 1,2-dichloroethene, 1,1,1-DCE, trichloroethene,
methylene chloride, acetone, 2-butanone, toluene, xylene, and hydrogen sulfide. These data are
considered screening data and were not directly compared to ALs.

3.0 REMEDIAL ACTION OBJECTIVES

The Present Landfill is being addressed as an accelerated action under RFCA, which provides for
the coordination of DOE’s response obligations under CERCLA and its closure obligations
under RCRA/CHWA. As a landfill, the presumptive remedy is containment. The remedial
action objectives (RAOs) for the Present Landfill are as follows:

e Prevent direct human and ecological exposure to contaminated soil or fill material at the
Present Landfill;

e Provide containment of the Present Landfill with a RCRA Subtitle C interim status
equivalent cover; and

e Protect surface water quality.
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Alternatives have been developed to achieve these RAOs and meet the substantive RCRA
Interim Status closure requirements.

4.0 PRESENT LANDFILL COVER AND SEEP ALTERNATIVES

The presumptive remedy for the Present Landfill is a cover. A Present Landfill cover alternatives
analysis is provided in Section 4.1. Although the Present Landfill seep water meets water quality
standards, occasional concentrations in the Present Landfill seep have been at or near the water
quality standards. Therefore, a Present Landfill seep alternatives analysis is provided in Section
42.

4.1 Landfill Cover Alternatives Analysis

Three landfill cover alternatives (evapotranspiration cover, soil cover, and RCRA Subtitle C
compliant cover) were analyzed for effectiveness, implementability, and relative cost. The results

* of this assessment are summarized in Table 3. The relative cost is provided for comparison
purposes only and is not based on a site-specific design or cost estimate.

4.1.1 ET Cover

ET covers have recently been installed at project sites in Colorado. For the Present Landfill, a
minimum cover soil thickness of 60 inches on top of a biota barrier would be required. The soil
for the cover would be required to meet strict material and installation specifications to meet the
requirements of the cover..

4.1.1.1 Effectiveness

Effectiveness considers whether the alternative provides protection of human health and the
environment, and achieves the remedial objectives.

4.1.1.1.1 Protectiveness

An ET cover would protect human health and the environment by establishing a permanent
barrier between the waste fill and surface. The effectiveness of the ET cover at meeting the
infiltration requirements is highly dependent on the type of soil and proper placement of the soil
over the landfill. Soil meeting very specific soil characteristics and workmanship specifications
would be required. '

Because of the CDPHE policy of meeting less than 1.3 millimeters per year (mm/yr) as the
infiltration rate (per CDPHE comments) for non-RCRA guidance covers, application of an ET
cover at the Present Landfill would require importing approximately 180,000 cy of soil. The soil
would need to be imported from an off-site borrow area that meets specific soil characteristics,
such as near Brighton, Colorado. This borrow area is approximately 31 miles from RFETS and
would require more than 100 tandem semi truck loads of soil per day traveling through the
Denver metropolitan area, and would likely include sections of Highways 128 and 93. This level
of truck traffic would adversely impact traffic and is a major safety concem to RFETS.

Assuming operations are conducted for four 10-hour days per week, for six months,
approximately 2,000 cy would be hauled each day. This rate corresponds to approximately 135
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to 140 truckloads of soil per day. Each truck would make the 62-mile round trip, which would
result in 8,680 vehicle-miles traveled (VMT) per day, or 842,280 VMT during the six months of
operations.

The baseline analysis from the CID estimates 99 truck shipments per day for an average year,
and 112 truck shipments per day for the highest volume year for the Closure Case (CID, Table
5.6-1 [DOE 1997]). Truck accidents were projected by using an estimated truck transportation
accident fatality rate, measured in fatalities per VMT (CID, Table A-28). This rate, for Denver
Metropolitan Area Deliveries, is 1.04 x 10” fatalities per VMT. The proposed action would
exceed CID estimates of daily shipments and, during the six months when trucking is needed,

~ would exceed CID estimates of fatality rates. Using the Closure Case projections for
metropolitan area traffic, truck shipments required for the proposed action would cause
approximately 8 x 107 accident fatalities during the six months of activity.

In conclusion, although the ET cover could provide long-term protection of human health, it
would exhibit a short-term risk during construction. Additionally, the ET-cover would require the
establishment of vegetation that will use the infiltrating precipitation in the transpiration of the
plants. The establishment of the vegetation would take several years, during which time the
infiltration rate would exceed the EPA and CDPHE guidance cover infiltration rate of 1.3 mm/yr.

- 4.1.1.1.2 ‘Achieve Remedial Objectives

This alternative meets the remedial objectives of preventing direct human and ecological
~ exposure, achieves RCRA interim status compliance, and protects water quality by reducing the
infiltration of stormwater through the cover.

4.1.1.2 Implementability

Implementability addresses the technical and administrative feasibility of implementing an
alternative using the required equipment, services, and materials. -

4.1.12.1 Technical Feasibility |

ET covers require different construction processes/equipment than conventional covers because
the fill cannot be overcompacted. Although this process is new, it is not overly difficult and uses
standard construction equipment. Intense quality control would be required during construction
of the ET cover. '

However, if the cover were to become damaged through differential settling or erosion, the repair
would be fairly easy. The cover repair would consist of the addition of the specified imported
soil and revegetation. |

4.1.1.2.2 Availability

Soil meeting the specific requirement for the ET cover is not readiiy available; the closest
location is approximately 30 miles from the Site. The equipment to transport and build the cover
is readily available, and includes standard earthmoving equipment.

4.1.1.2.3 Administrative Feasibility ' _
The implementation of this alternative does not require permits or easements, and does not
impact adjoining property. It would not inhibit the ability to impose institutional controls.
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Existing site management and access controls wquld be maintained until a comprehensive final
plan is implemented in the future. The ET cover is consistent with the aesthetic qualities of the
facility end use as a wildlife refuge with a vegetated cover.

4.1.1.3 Costs

The evaluation of costs should consider the capital costs to engineer, procure, and construct the
required equipment and facilities, and the operation and maintenance (O+M) costs associated
with the alternative.

4.1.1.3.1 Capita] Costs
The cost estimated to construct this alternative is between $7 to $8 million.

4.1.1.3.2 Operation and Maintenance Costs

The operation and maintenance costs associated with this alternative involve the inspection and
maintenance of the cover. Other monitoring costs, such as for groundwater and surface water,

would also be included. O+M costs are considered low for this a_ltemative.

4.1.1.4 Summary 4

Given the consideration for the safety concerns and infiltration rate requirements, other
alternatives would be better suited for the Present Landfill. Given this, the ET cover is not the
proposed cover alternative for the Present Landfill.

4.1.2 Soil Cover

The soil cover alternative for the Present Landfill would consist of a minimum addition of 2 feet
of local on-site or imported soil on top of the existing soil cover. The soil cover would require
approximately 68,000 cy of imported Rocky Flats alluvial soil. Soil meeting specific
requirements would not be needed for this alternative.

4.1.2.1 Effectiveness

Effectiveness considers whether the alternative provides protection of human health and the
environment, and achieves the remedial objectives.

4.1.2.1.1 Protectiveness

A soil cover would protect human health and the environment by establishing a permanent
barrier between the waste fill and surface. However, the soil cover alone ‘could not meet the
infiltration requirements. o

The soil cover would require approximately 65,000 cy of soil, reducing the number of trucks and

VMT depending on the location of the source of the soil. Soil covers are currently used on
military landfills under CERCLA as a presumptive remedy, where the majority of the waste is
commertcial refuse and construction debris co-disposed with limited amounts of hazardous
constituents (EPA 1996). The Present Landfill is predominately commercial refuse and
construction debris with limited amounts of hazardous wastes. In addition, the investigations
and evaluations completed at the Present Landfill, and summarized in this IM/IRA, show that the
landfill has had limited impact on the environment since it became inactive in 1998.
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Additionally, soil covers are very easy to repair if they become damaged through differential
settling or erosion; placement of soil and revegetation is all that would be needed to repalr a soil
cover.

In conclusion, the soil cover can provide long-term protection of human health and exhibits a
lower short-term risk during construction than the ET cover. However, the soil cover cannot
meet the infiltration requirements.

4.1.2.1.2 Achieve Remedial Obiectives

This alternative meets the remedial objectives of preventing direct human and ecological
exposure, and protects water quality by reducing the infiltration of stormwater through the cover.
However, the soil cover cannot achieve RCRA interim status compliance because it does not
meet the infiltration requirements.

4.1.2.2 Implementability

Implementability addresses the technical and administrative feasibility of implementing an
alternative using the required equipment, services, and materials.

4.1.2.2.1 Technical Feasibility

The soil cover requires conventional equipment and processes for construction. A moderate _ J
level of quality control would be required during construction of the soil cover.

If the cover becomes damaged through differential setfling or erosion, repairing the cover 1s easy.
The repair would consist of the addition of imported soil and revegetation.

4.1.2.2.2 Availability

Soil for the cover is readii& available from sources close to the Site. The equipment to transport
and build the cover is also readlly available, and includes standard earthmoving equlpment

4.12.23 Adm1n1strat1ve Fea81b111tv

The implementation of this alternative does not require permits or easements, and does not
impact adjoining property. It will not inhibit the ability to impose institutional controls. Existing
site management and access controls would be maintained until a comprehensive final plan is
implemented in the future. The soil cover is consistent with the aesthetic qualities of the facility
end use as a wildlife refuge with a vegetated cover.

4.1.2.3 Costs

Evaluation of costs should consider thé capital costs to engineer, procure, and construct the
required equipment and facilities, and the O+M costs associated with the alternative.

4.1.2.3.1 Capital Costs
The cost estimated to construct this alternative is between $1.5 to $2 million.

4.1.2.3.2 Operation and Maintenance Costs ‘
The O+M costs associated with this alternative involve the inspection and maintenance of the
cover. Other monitoring costs, such as for groundwater and surface water, would also be
included. O+M costs are considered low for this alternative.
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4.1.2.4 Summary

Given the above assessment, RFETS believes that the Present Landfill is an appropriate site to
apply the EPA presumptive remedy for a military landfill. However, the soil cover will not meet
the EPA and CDPHE guidance cover infiltration rate of 1.3 mm/yr. Therefore, the soil cover is
not the proposed cover alternative for the Present Landfill.

4.1.3 RCRA Subtitle C Compliant Cover

RCRA Subtitle C Guidance/Coinpliance covers have been installed on many landfills throughout.

the country and this technology is considered a likely alternative for the Present Landfill. "This
cover would require approximately 68,000 cy of onsite or imported soil to cover a geosynthetic
composite liner placed on top of the landfill. The geosynthetic composite cover would consist of
a geosynthetic clay liner (GCL) above the existing landfill soil cover. A flexible membrane liner
(FML), made of polyvinyl chloride (PVC), linear low-density polyethylene (LLDPE) or high-
density polyethylene (HDPE) is then placed on top of the GCL. Then a geocomposite drainage
layer would be placed on top of the FML to drain infiltrating precipitation away from the FML.
A cushion layer is placed above the geocomposite drainage layer to protect the geosynthetic
composite liner from the cobble layer above. A cobble layer would be placed on top of the
cushion layer to act as a barrier to burrowing animals. Finally, a layer of soil would be placed on
top of the cobble layer to provide additional protection to the geosynthetic composite liner from
damage. Surface vegetation will be established on this soil layer to enhance resistance to surface
erosion and would provide an aesthetic cover appearance.

4.1.3.1 Effectiveness

Effectiveness considers whether the alternative provides protection of human health and the
environment, and achleves the remedial objectives.

4.1.3.1.1 Protectiveness

A RCRA Subtitle C Compliant cover would protect human health and the environment by
establishing a permanent barrier between the waste fill and surface, and would meet the:
infiltration requirements.

This cover would require approximately 68,000 cy of on-site or imported soil to cover the
geosynthetic composite liner placed on top of the landfill, greatly reducing the number of truck
trips. Imported soil for this cover could also be obtained from a closer local borrow area, thereby
reducing the VMT.

In conclusion, the RCRA cover can provide long-term protection of human health and the
environment, exhibits a lower short-term risk during construction, and can meet the infiltration
requirements.

4.1.3.1.2 Achieve Remedial Objectives

This alternative meets the remedial objectives of preventing direct human and ecological
exposure, protects water quality by reducing the infiltration of stormwater through the cover, and
can achieve RCRA interim status compliance because it meets the infiltration requirements.
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Table 3

Comparison of Landfill Cover Design Alternatives

Alternative

Desc_ripﬁon

Effectiveness

Implementability

Comparative
Cost

ET Cover

A minimum cover thickness of 60
inches on top of a biota barrier with
an integrated gas venting layer (if
required). -

Recent studies and modeling indicate an ET
cover would be effective after the full
establishment of vegetation. Monitoring
within the cover and at the waste boundaries
would be conducted to verify the cover’s
performance during.and after the
establishment of vegetation. The infiltration
rate would be less than or equal to 1.3 mm/yr
after vegetation is fully established. Cover
would be easy to repair. Vegetation cover
would require monitoring and maintenance.

ET covers require different construction
processes/equipment than conventional
covers because the fill cannot be
overcompacted. Although this process is
new, it is not overly difficult and uses
standard construction equipment. Safety
concerns are very high due to the large
volume of truck traffic required to bring
large amounts of soil to the site from
distant off-site borrow areas.

$7.0MM to
$8.0MM

Soil Cover

Two feet of soil from local borrow
sources over the existing soil cover.

A soil cover would effectivély meet the RAOs
given the landfill’s limited impact on the
environment. It would be easy to repair
should the cover become damaged. The soil
cover would not meet the infiltration rate of
1.3 mm/yr. The vegetative cover would
require monitoring and maintenance.

Soil covers are relatively easy to construct
with standard construction equipment.
Using imported fill from nearby borrow
areas reduces the traffic-related safety
concerns. '

$1.5MM to .
$2.0MM

.RCRA

Subtitle C
Compliant
Cover

A GCL, 40-mil FML, geocomposite
drainage layer, and a soil cushion
layer of 10 inches followed by a 1-
foot cobble layer to stop burrowing

.animals. The cobble layer would be

covered with a vegetated 2-foot
layer of soil (Rocky Flats
Alluvium). A passive gas venting
system would be included in the
design.

Although such a cover is corsidered highly
effective, differential settling may cause liner
failure. Repairs would require extensive
excavation of the cover and complex repair
procedures. Performance monitoring is not
required for presumptive remedies. The cover
would meet the infiltration rate of 1.3 mm/yr.
The vegetative cover would require
monitoring and maintenance.

Subtitle C covers have been constructed
since the 1970s. Although the process is
more difficult than soil covers, in that it
requires complex quality assurance, the
methods required for construction are well
established and there are many contractors
capable of completing the construction.
Using local sources for materials reduces
traffic safety concerns.

$6.5MM to
$7.5MM’

7 This comparative cost does not include five foot of compacted soil components of a traditional RCRA Subtitle C cover as referenced in the August 2, 2002 IM/IRA previously
released for public comment :
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4.1.3.2 Implementability

Implementability addresses the technical and administrative feasibility of implementing
an alternative using the required equipment, services, and materials.

4.1.3.2.1 Technical Feasibility

Geosynthetic composite liner covers require trained personnel to install the composite
materials; however, many have been installed over the last 25 years and trained crews are
available for installation. The soil and rock covering the composite liner uses
conventional earthmoving equipment and processes. Additionally, the composite cover is
made of generally inert materials that will remain viable for a very long time (hundreds
of years) because the materials are protected from the sun and will not be exposed to
excessive volatile or corrosive compounds.

‘Because the geosynthetic composite liners are made from plastic materials, they are

prone to tearing with differential settling. Some settling would be expected at the Present
Landfill over time; however, very limited differential settling is expected because the
landfill has been closed for several years. If differential settling was large enough to tear
the lining materials, repair of the liner would require bringing earthmoving equipment to
the Site to excavate down into the liner to conduct the repairs. Contractors specializing in
the repair of these types of liners would also be required to perform a quality repair.

4.1.3.2.2 Availability

Materials for the cover.are readily available from sources close to the Site. The
equipment to transport and build the cover is readily available, and includes standard
earthmoving equipment. Composite liner installation would be performed with trained
crews that are also readily available. :

4.13.23 Administrative_Feasibilitv

The implementation of this alternative does not require permits or easements, and does
not impact adjoining property. It will not inhibit the ability to impose institutional
controls. . Existing site management and access controls would be maintained until a
comprehensive final plan is implemented in the future. The cover is generally consistent
with the aesthetic qualities of the facility end use as a wildlife refuge with a vegetated
cover.

4.1.3.3 Costs

The evaluation of costs should consider the capital costs to engineer, procure and
construct the required-equipment and facilities, and the O+M costs associated with the
alternative. '

4.1.3.3.1 Capital Costs
The cost estimated to construct this alternative is between $6.5 to $7.5 million. . -

4.1.3.3.2 Operation and Maintenance Costs
The operation and maintenance costs associated with this alternative involve the
inspection and maintenance of the cover. Other monitoring costs, such as for
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groundwater and surface water, would also be included. O+M costs are considered low -
to medium for this alternative.

4.1.3.4 Summary

Given that the RCRA Subtitle C Compliant cover (geosynthetic composite liner cover)
would meet the mandated infiltration rate and reduce the hazards associated with the
transportation of large amounts of special fill material (associated with the ET cover),

- RFETS is proposing the geosynthetic composite cover for the Present Landfill.

4.2 = Landfill Seep Alternatives

The alternatives considered for the landfill seep are presented in Table 6. The
alternatives have been developed based on the determination that the passive seep
interception and treatment system meets the RCRA Wastewater Treatment Unit
(WWTU) exclusion and the substantive requirements of National Pollutant Discharge
Eliminating System (NPDES) permit. When the cover is completed, flow of the seep is
expected to decrease as shown by the hydrogeologic modeling. As the seep flow
decreases, the concentration of constituents in the seep could likely increase. The level of
increase cannot be predicted, and post-accelerated action monitoring will be conducted as
described in other sections of this IM/IRA. An increased concentration of constituents in
the landfill seep is not an indicator of direct cover performance. The expected decrease
in flow of the seep is an indicator of the cover reducing the infiltrating precipitation and
reduce the saturated zone within the landfill.

As provided in Table 4, the proposed alternative for seep management is the passive seep
interception and treatment system. The other alternatives that were evaluated could be
implemented as contingent actions in the future if the seep exceeds effluent limitations
established within this IM/IRA (refer to Section 6.0).

4.2.1 Alternative 1 - No Further Treatment

Under this alternative no treatment (passive or active) of the landfill seep is proposed.
However, short- or long-term monitoring of the seep would continue.

4.2.1.1 Effectiveness

Effectiveness considers whether the alternative provides protection of human health and
the environment, and achieves the remedial objectives. '

42.1.1.1 Protectiveness

Because the seep is not a source of drinking water, there is no impact to human health. In
the short term, it is not likely that this alternative would impact water quality. As the
seep flow decreases, the concentrations of constituents in the seep could increase.
Monitoring the seep will be conducted to track the level of constituents in the seep.
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wastewater treatment plant or
hazardous waste

require routine maintenance
and monitoring by trained

maintenance and
monitoring, and the

Table 4
Seep Management Alternative Evaluation
Alternative Description 1 v Effectivéness:- "' ..°| . Implemeéntability - . /| .- Relative Cost Conclusions
No Further No passive or active treatment of | Highly effective if No implementation None, except Not selected because there is a
" Treatment landfill seep. treatment not required. required. monitoring potential for constituent
concentrations to increase as the
seep flow decreases.

Passive Seep Seep water is intercepted in a Effective for removal of | Easy to construct system if | Low Selected alternative
Interception and perforated pipe that directs water | low concentrations of elevation differential exists
Treatment to a flow measurement tank. volatile constituents. to allow waterfall effect.

Water is then directed to a Not highly influenced by

treatment tank where water flows | iron and manganese

over a series of flagstone steps levels and precipitation.

(waterfalls) before flowing into

the East Landfill Pond. .
Store and Off-Site System involves collection of the | Highly effective because | Fairly easy to design and High to very high Not a selected alternative due to
Treatment /Disposal | seep water into a sump, pumping | water is never build; however, it would due to power and high cost and potential

» into a storage tank, and then discharged into existing | require electrical power and | roadway problems with public
removal of the water by a tanker | drainage. ‘ access roadway to requirements, acceptance of off-site
truck for disposal at a municipal . implement. Would also continual transportation and disposal.

treatment/disposal facility. mechanical technicians. possible high costs
Potential safety concern due | for disposal.
to off-site transportation.
On-Site Treatment Consists of iron/manganese Treatment would result Requires detailed evaluation | Very high due to the | Not a selected alternative due to

removal, and VOC and inorganic
constituent removal by aeration,
filtration, and ion exchange
systems.

in very clean water with
most, if not all,
constituents below
detectable levels.

and design. Complex
operating system requires a
trained wastewater
treatment operator.

Requires electrical power,
process instrumentation, and
access roadway.

complexity of the
equipment and
systems needed to
control the system.
Requires routine and
frequent operation,
monitoring, and
maintenance for
continuous use.

high complexity and cost, and
because it requires significant
operator attention and system
maintenance.
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4.2.1.1.2 Achieve Remedial Objectives

This alternative meets the RAO of protecting surface water quality under the current
conditions. Monitoring of the seep is required to track the level of constituents in the

‘seep.

4.2.1.2 Implementability

Implementability addresses the technical and administrative feasibility of implementing
an alternative and the availability of the required equipment, services, and materials.

4.2.1.2.1 Technical Feasibility '
This alternative is technically feasible because there is no construction or operation

.requirements, successful performance can be demonstrated through monitoring, there are

no environmental conditions requiring adaptation, and no permits are required to
implement this alternative.

42.122 Availability

No equipme'nt or materials would be required for this alternative. However, personnel
and services would be required for seep monitoring, and they are readily available.

4.2.1.2.3 Administrative Feasibility
The implementation of this alternative does not require permits or easements, and does

" not impact adjoining property. It will not inhibit the ability to impose institutional -

controls at the Present Landfill. Existing site management and access controls would be
maintained until a comprehensive final plan is implemented in the future.

4.2_.1.3 Costs

Evaluation of costs should consider the capital costs to engineer, procure and construct
the required equipment, services, and facilities, and the O+M costs associated with the
alternative, emphasizing long-term stewardship.

4.2.1.3.1 Capital Costs
No capital costs are associated with this alternative.

4.2.1.3.2 Operation & Maintenance

Short-term seep monitoring costs would be incurred with this alternative; however, these
costs are relatively low.

4.2.2 Alternative 2 — Passive Seep Interception and Treatment

Passive seep interception and treatment consists of seep water intercepted in a perforated
-pipe that directs water to a flow measurement tank where the flow of the seep is

measured. Water then flows over a series of flagstone steps (waterfalls) within a tank to
enhance the removal of vinyl chloride and benzene before flowing into the East Landfill
Pond. A passive seep interception and treatment system already exists but would be
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modified to treat the seep water in a tank as outline above. Short- and long-term
monitoring would be required with this alternative.

4.2.2.1 Effectiveness

Effectiveness considers whether the alternative provides protection of human health and
the environment, and achieves the remedial objectives.

4.2.2.1.1 Protectiveness

Because the seep is not a source of drinking water, there is no impact to human health:
however, the treatment provided by the passive seep interception and treatment system
would provide increased protection of the environment. As the seep flow decreases, the
concentrations of constituents in the seep could increase. This alternative would reduce
the impact to water quality if levels of volatile constituents increase in the seep.
Monitoring of the seep after the passive seep interception and treatment would be
conducted to track the level of constituents. :

4.2.2.1.2 Achieve Remedial Objectives

This alternative meets the RAO to protect surface water quality. Monitoring would be
required after treatment to track the level of constituents.

4.2.2.2 Implementability

Implementability addresses the technical and administrative feasibility of implementing
an alternative and the availability of the required equipment, services, and materials.

4.2.2.2.1 Technical Fea31b111t

This alternative is techmcally feasible because there is llmlted construction required,
successful performance can be demonstrated through monitoring, and there are no
environmental conditions requiring adaptation. Maintenance of the passive seep
interception and treatment system would be required to inspect the system components

- and routinely clear vegetation and debris away from the system.

42.2.2.2 Availability

Equipment and materials would be required for this alternative and they are readily
available. Personnel and services would be required for momtormg and maintenance,
both of which are readily available.

4.2.2.2.3 Administrative Feasibility

The implementation of this alternative does not require easements or impact adjoining
property. The implementation of this alternative does require an NPDES permit (refer
Section 6.0). It would not inhibit the ability to impose institutional controls at the Present
Landfill. Existing site management and access controls would be maintained until a
comprehensive final plan is implemented in the future. '
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4.2.2.3 Costs

Evaluation of costs should consider the capital costs to engineer, procure and construct
the required equipment, services, and facilities, and the O+M costs associated with the
alternative emphasizing long-term stewardship.

4.2.23.1 Capital Costs
Low capital costs are associated with this alternative to modlfy the existing passive seep
interception and treatment system.

4.2.2.3.2 Operation artd Maintenance

Short and long term menitoring and maintenance costs would be incurred with this
alternative; however, these costs are relatively low.

4.2.3 Alternative 3 — Store and Off-Site Treatment/Disposal

This alternative involves the collection of the seep water into a sump, pumping the water
into a storage tank and then removal of the water by a tanker truck for disposal at a
municipal wastewater treatment system or a permitted hazardous waste
treatment/disposal facility. '

4.2.3.1 Effectiveness

Effectiveness considers whether the alternative provides protection of human health and
the environment, and achieves the remedial objectives.

42.3.1.1 Protectivehess

Because the seep is not a source of drinking water, there is no impact to human health.
However, the treatment provided by the off-site system would provide increased
protection of the environment. As the seep flow decreases, the concentrations of
constituents in the seep could increase; however, this increase is not expected to alter the
implementation of this alternative. Monitoring of the collected seep water would be
conducted to track the level of constituents and volume to determine the cost of treatment '
and disposal requirements by off-site facilities.

4.2.3.1.2 Achieve Remedial Objectives

This alternative meets the RAO of protecting surface water with the collection and
removal of the seep water. Monitoring of the seep would be required to track the level of
constituents and seep volume to determine the cost of treatment and disposal by off-site
facilities. '

4.2.3.2 Implementability
Implementability addresses the technical and administrative feasibility of implementing

an alternative and the availability of the required equipment, services, and materials.-

42.32.1 Technical Feasibility

This alternative is fairly easy to design and build; however, it would require electrical
power and an access roadway to implement. Successful performance can be
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demonstrated through monitoring and disposal records. The construction and
maintenance of the collection system, access road, and electrical power system is not
consistent with the overall facility end state. No permits are required to implement this
alternative; however, written agreements would be needed for the transportation,
treatment, and disposal of the seep water by a municipal wastewater treatment plant or a
permitted hazardous waste treatment/disposal facility. Trained technicians would be
required to provide long-term maintenance of the collection system, roadway, and
electrical system.

4.2.3.2.2 Availability

Equipment, materials, and services are readily available for this alternative; however, the
facility for the disposal of the seep water is uncertain.

4.2.3.2.3 Administrative Feasibility

The implementation of this alternative does not require permits or easements, but would
require written agreements for the transportation, treatment, and disposal of the collected
seep water. The installation of electrical power and construction of the required access
roadway could impact adjoining property. It will not inhibit the ability to impose
institutional controls at the Present Landfill. Existing site management and access
controls would be maintained until a comprehensive final plan is implemented in the
future. '

4.2.3.3 Costs: o A

Evaluation of costs should consider the capital costs to engineer, procure and construct
the required equipment, services, and facilities, and the O+M costs associated with the
alternative, emphasizing long-term stewardship.

4.2.33.1 Capital Costs

The capital costs associated with the construction of the collection and electrical power
system, and the roadway would be high and in the range of several hundred thousand
dollars.

4.2.3.3.2 Operation & Maintenance

O+M costs would include maintenance of the collection and electrical systems and the
access roadway, the use of electrical power, and the cost of transportation, treatment, and
disposal of the seep water. Seep monitoring costs would also be required. The actual
costs would be very dependent on the volume of seep water collected and would impact
the transportation, treatment, and disposal cost of this alternative.

4.2.4 Alternative 4 - On-Site Treatment

This alternative consists of on-site water treatment processes to remove iron and

manganese from the seep water prior to treatment for the removal of volatile constituents.

Aeration or oxidation processes would then be used to remove the volatile constituents,
followed by an ion exchange system for the removal of inorganic constituents. Other
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~ treatment processes would be considered during the design of the on-site treatment
system to determine the most cost-effective system for the seep water.

4.2.4.1 Effectiveness

Effectiveness considers whether the alternative provides protection of human health and
the environment, and achieves the remedial objectives.

42.4.1.1 Protectiveness

Since the seep is not a source of drinking water, there is no impact to human health:
However, treatment provided by the on-site system would provide increased protection of
the environment. As the seep flow decreases, the concentrations of constituents in the
seep could increase; however, this increase is not expected to alter the implementation of
this alternative. In addition, this potential increase would be included in the design basis
of the treatment system. Long term monitoring of the on-site treatment system would be
conducted for O+M functions.

42.4.1.2 Achieve Remedial Objectives

This alternative meets the RAO of protecting surface water quality with the high level of
treatment of the seep water. Monitoring of the on-site treatment system would be
conducted for O+M functions.

4.2.4.2 Implementability

Implementability addresses the technical and administrative feasibility of implementing
an alternative and the availability of the required equipment, services, and materials.

42.42.1 Technical Feasibility

This alternative is highly complex to design and build, and would require electrical power
and an access roadway to implement. Successful performance could be demonstrated
through monitoring of the treatment system operation. The construction and maintenance
of the on-site treatment system is not consistent with the overall facility end state. No
permits are required to implement this alternative; however, written agreements would be
needed for the maintenance of the equipment and treatment media replacements. Long-
term maintenance of the on-site treatment system would require highly trained water
treatment plant technicians. ‘

4.2.4.2.2 Availability
Equipment, materials, and services are readily available for this alternative.

4.2.42.3 Administrative Feasibility

~ The implementation of this alternative does not require permits or easements, but would

. require written agreements to maintain the treatment system. The installation of
electrical power and construction of the required access roadway could impact adjoining
property. It would not inhibit the ability to impose institutional controls at the Present
Landfill. Existing site management and access controls would be maintained until a
comprehensive final plan is implemented in the future.
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4.2.4.3 Costs

Evaluation of costs should consider the capital costs to engineer, procure and construct
the required equipment, services, and facilities, and the O+M costs associated with the
alternative, emphasizing long-term stewardship.

4.2.4.3.1 Capital Costs

The capital costs associated with construction of the on-site treatment and electrical
power systems, and the roadway would be very high and would be expected to exceed
$500,000.

4.2.4.3.2 Operation & Maintenance

Operation and maintenance costs would include maintenance of the treatment and
electrical systems and the access roadway, use of electrical power, and O+M of the
treatment system. Seep monitoring costs would also be required. The actual costs would
be very dependent on the volume and level of constituents in the seep water and would
impact the overall treatment cost of this alternative.

5.0 PROPOSED ACTION

The proposed action is the landfill presumptive remedy of containment. This engineered
control will be accomplished by installing a RCRA Subtitle C compliant cover and
continued operation of a modified passive seep interception and treatment system before
the Present Landfill seep water is discharged to the East Landfill Pond. Elements of the
proposed action and closure plan are described in this section. Post-accelerated action
monitoring is presented in' Appendix A.

5.1 Present Landfill Cover
The existing surface of the landfill will be grubbed and graded to meet the required

“slopes (3 to 5 percent) before the geosynthetic liner material is placed. The details of the

cover will be presented in the engineering design drawings and specifications that will be
completed and approved by EPA and CDPHE. The slope stability of the existing east
face of the landfill will also be evaluated in the design.

The landfill cover will be a designed geosynthetic composite liner consisting of a
geosynthetic clay liner (GCL) above the existing soil cover of the landfill (Figure 4). A
flexible membrane liner (FML) made of polyvinyl chloride (PVC), linear low density
polyethylene (LLDPE) or high density polyethylene (HDPE) will then be placed on top

-of the GCL. Then a geocomposite drainage layer is placed on top of the FML to drain

infiltrating precipitation away from the FML. A cushion layer will be placed above the
geocomposite drainage layer to protect the geosynthetic composite liner from the cobble
layer above. A cobble layer will be placed on top of the cushion layer to act as a barrier
to burrowing animals. Finally, a layer of soil will be then placed on top of the cobble
layer to provide additional protection to the geosynthetic composite liner from damage.
Surface vegetation will be established on this soil layer to enhance resistance to surface
erosion and to provide an aesthetic appearance to the cover. Additionally, a
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geocomposite drainage layer will be placed under the geosynthetic composite liner at the
eastern face of the landfill to drain any landfill water from under the liner. Flow from this
drain will be routed to a seep treatment system.

Drainage ditches along the perimeter of the landfill cover will be modified to allow the
free drainage of the geosynthetic composite cover and drainage layer, and to direct -
surface water runoff away from the landfill. These ditches will generally be vegetation-
lined with riprap applied in areas of steeper channel slope where erosion might be
expected. The geosynthetic composite liner will be placed below the frost line established
during the design for the location and weather conditions at the Present Landfill.

Four gas vents were installed in the existing landfill cover in 1992. The existing vents
consist of vertical standpipes that extend into the underlying waste to allow passive
venting of landfill gas. These vents will be removed before placement of the cover, and
replaced with barometric vents as determined by the detailed engineering design.
Removal of the vents will be accomplished by either pulling the casing, plugging the
casing with bentonite or grout, or cutting the pipe. If the casing is left in place, it will be
cut off below the existing ground surface and plugged using either bentonite or grout.

A Monitoring and Maintenance Manual will be prepared following the cover design and
will incorporate the regulatory requirements for inspection and maintenance of the cover
and for groundwater monitoring.

5.2 Cover Vegetation

5.2.1 RFETS Vegetation Setting

Xeric tallgrass plants, including big and little bluestem, Indian grass and switchgrass are
grasses that can be found in tallgrass prairie locations in Oklahoma, Kansas, Illinois and
parts of Minnesota. These grasses are found here at Rocky Flats, in a xeric (dry)
moisture regime dominantly because of unique Rocky Flats soil conditions. The unique
RF soil conditions are driven by the nature of some, but not all soil parent materials on

. the Site. Some 900,000 years ago (and then in smaller hydrologic events to follow) a

large “debris flow” deposited debris material on the west side of the Site. A debris flow
is dirty slurry consisting of clay-size material, sand, gravel, cobbles, boulders and tree
boles carried down a canyon from the west and deposited in a very gentle, nearly level,
alluvial fan. On the west side of the RFETS, that deposit was possibly 70 feet deep,
while on the east side, the deposit was possibly 10 feet deep. This debris flow deposited
coarse materials and limited amounts of fine material. It is on these deep cobble- and
boulder-laden deposits that these unusual tallgrass species are found, likely established
units of tens of thousands of years ago. These tallgrass species, rare in the West but
common Midwestern prairie plants were able to draw water from these soils for several
reasons.
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1. The soils were coarse, indicating that soil pores were large, indicating that soil
capillary attraction was low, and indicating that these plants drew water that was

~ not tightly bound by excessive amounts of fine-textured soil particles.

2. There was a presence of limited amounts of clay- and silt-sized particles that
tended to hold the limited amount of precipitation received in this xeric moisture
regime. That is, moisture was not lost to the pull of gravity, but rather retained on
the clay and silt particles, much like a sponge retains water.

3. There was a presence of cobbles and boulders that displaced very limited soil
moisture, 10 to 16 inches a year, to the limited clay- and silt-sized particles, the
bank into which the moisture was deposited and later removed by plant roots.

Contrasting, fine textured soils derived from shale parent materials dominate the east side
of the Site. On these soils, there is not enough water available to support the tallgrass
prairie species because soil moisture is tightly bound by high hygroscopic attraction
driven by small soil particles. Further, unlike the debris flow soils, these soils do not
have cobbles and boulders to displace the very limited moisture to the clay- and silt-sized
particles. Consequently, soils on the eastern side of the Site are dominated by xeric plant
communities typical of eastern Colorado, midgrass and shortgrass communities of the
Colorado high plains naturally selected to survive in this arid region.

5.2.2 Present Landfill Cover Vegetation Assessment

The proposed cover configuration (See figure 4) consisting of 2-feet of Rocky Flats
Alluvium, 1-foot of rock and 10-inches of cushion soil (p1t fines) will support Colorado
short and medium plants for the following reasons:

1. Because the pit fines are clay-, silt- and fine-sand-sized particles. In this 10
inches over the moisture barrier, soil moisture carried by gravity from above will
be held in a moisture bank and released to plant roots because the amount of clay-
sized soil particles is adequate to hold and release soil moisture, but not excessive
to hold and bind water.

2. The 12 inches of coarse material provides cobble- and boulder-sized soil
materials. These coarse materials will displace the limited soil moisture to the
soil moisture bank.

3. Fine soil particles, clay-, silt- and fine-sand-sized partlcles will filter down into
and be carried down into the 12-inch coarse rock zone by gravity, water
movement, plant root growth, and soil organism activity.

4. The 2 feet of Rocky Flats alluvium will consist of the RF debris flow materials of
900,000 years ago; a very good soil texture driving the establishment of plants
unique to this Site.

The soil materials proposed reasonably mimic the debris flow materials of the western
portions of the site. Colorado shortgrass and midgrass plants are recommended for the
Present landfill because unlike the 10- to 70-foot deep debris flow deposits, this artificial
deposit is approximately 4 feet deep. While xeric tallgrass plant roots can grow to 15 or
more feet long, this site will allow root growth to 4 feet. Therefore, this Present landfill
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site will become a Colorado high plans shortgrass to midgrass community site, not a xeric
tallgrass prairie community. During periods of excessive precipitation, gravity will drain
soil moisture to the moisture barrier and direct water away from the landfill. However, in
periods of drought, the fine-textured soil particles in the bottom 10-inch horizon and fine

.soil particles in the coarse rock horizon will refain and release soil water to the plants

above. Although this site will be prone to drought effects due to this 4-foot depth, the
site and soil materials proposed are adequate to support drought tolerant Colorado high
plains plant species. It can be expected that in periods of excessive precipitation, plant
growth on this site will flourish. In periods of drought, this community will retreat, but
these drought-tolerant plants will survive to flourish again when precipitation rebounds.

5.3 Present Landfill Seep

The existing seep interception and treatment system will be modified and maintained
(Figure 5). The seep treatment system will include flows from the landfill groundwater
intercept system and the liner drain at the eastern face of the landfill. The landfill
groundwater intercept system piping will be interrupted immediately outside the landfill
and new piping will be installed to route any flow into the seep treatment system.
Maintenance of the passive seep interception and treatment system will include quarterly
visual inspection of the components, vegetation control, and erosion control.

A Monitoring and Maintenance Manual will be prepared following the design and will
incorporate the regulatory requirements for inspection and maintenance of the passive
seep interception and treatment system and for monitoring of the Present Landfill seep.

5.4 Accelerated Action Requirements for Protectiveness and Short- and Long-
Term Effectiveness

The objectives of this action are met through installation of the landfill cover and the
modifications to the passive seep interception and treatment system. While this IM/IRA
does not encompass post-closure requirements (see RFCA paragraph. 25bd), RFCA
paragraph 97 requires that it address compliance with post-closure requirements. Post
closure requirements must either be incorporated in a post-closure permit or other
enforceable mechanism. The post-closure requirements encompass many of the long-term
stewardship activities applicable to the Present Landfill. For further discussion refer to
Appendix A.

5.4.1 Institutional Controls

Institutional controls include administrative controls such as use restrictions, and are
intended to prevent or limit adverse exposure to residual contamination, and/or limit
access to a site to ensure the ongoing security and effectiveness of facilities such as
engineered controls or monitoring devices. Physical controls that restrict access to a site
are included as a subset of institutional controls. General and specific post-accelerated
action institutional controls for RFETS as a whole are currently being evaluated by DOE
and the regulatory agencies, and in consultation with the U. S Fish and Wildlife Service
(USFWS), and the community.
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Figure 4
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The institutional controls that will be implemented at the Present Landfill for this
proposed action are described below. Controls described in Items 3 through 9 will be
included in the post-closure permit or other enforceable mechanism for the Present
Landfill. The RFCA parties have not resolved whether the federal government is required
to comply with Colorado’s SBO1-145. If it is determined that Colorado’s SBO1-145 does
apply to federal agencies, an environmental covenant will be required for the Present
Landfill, and the controls described in Items 3 through 9 will also be included in such a
covenant. The Present Landfill controls are as follows:

1. Current Sitewide security and access controls will be maintained until completion of
the RFETS Closure Project, currently scheduled for December 2006, but will be
replaced by equivalent controls for the Present Landfill and other specific areas for
which security and access controls are required.

2. In accordance with the Rocky Flats Wildlife Refuge Act of 2001 (Pub.L. 107-107,

Sec. 3171-3182 [December 28, 2001]), DOE will retain jurisdiction over the
engineered controls associated with the proposed action.

3. Prohibitions on drilling and pumping of groundwater wells for uses other than the
remedy will be in place. ‘

4. Prohibitions on the use and excavation of the cover and the area in the immediate
vicinity of the cover will be established.

5. Prohibitions on drilling on and in the immediate vicinity of the cover will be
established.

6. Prohibitions on disruption of the seep and the passive seep interception and treatment
system until it is determined that the passive seep interception and treatment system is
no longer needed will be established.

7. To avoid adverse impacts, roads and trails will not be allowed on the cover or the
immediate vicinity of the cover. Signs may be erected that indicate vehicles are
prohibited from specific areas and that direct vehicle traffic.appropriately. A
determination will be made during project construction as to whether signs or fences
will be used as the preferred means of restricting access.

8. Upon construction completion, fencing around the cover, or specific locations on or
around the cover, may also be considered to limit the potential for damage or
tampering with the location. Signs and markers may be used as controls to delineate
the landfill boundary; outline digging, fishing, swimming, groundwater, and surface
use restrictions; and/or describe access restrictions to the landfill cover and
monitoring locations for the cover.

9. Inspection of these institutional controls will be performed quarterly to determine
their continuing effectiveness. Results of these inspections will be reported annually.
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Final institutional and physical controls for the accelerated action will'also be
documented in the Closeout Report.

5.4.2 Worker Health and Safety

All work under this proposed action will be controlled using the Site Integrated Safety
Management System (ISMS) and the Integrated Work Control Program (IWCP). A
project-specific Health and Safety Plan (HASP) will be developed to address the safety
and health hazards of project execution and specify the requirements and procedures for
employee protection. The Occupational Safety and Health Administration (OSHA)
construction standard for Hazardous Waste Operations and Emergency Response, 29
Code of Federal Regulations (CFR) 1926.65, will be used as the basis for the HASP. In
addition, DOE Order 5480.9A, Construction Project Safety and Health Management,
applies to this project. This Order requires preparation of an Activity Hazard Analysis
(AHA) for each task, which includes identifying each task, the hazards associated with
each task, and the controls necessary to eliminate or mitigate the hazards. The AHAs
will be included in the HASP.

Data and controls will be continually evaluated. If field conditions vary from the planned

. approach (for example, when unanticipated hazards are encountered, such as

contaminated debris and airborne contamination), an AHA will be prepared for the new
conditions, and work will proceed according to the appropriate control measures.

6.0 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

As required by Part 4 of RFCA, the.proposed action will be performed to the extent
practicable in compliance with ARARs under CERCLA. ARARSs have been identified
for the proposed action consistent with the NCP, the preambles to the proposed and final
National Contingency Plan (NCP), and CERCLA Compliance with Other Laws Manuals
Part I and Part II (EPA 1988, 1989).

The ARARS are provided in Appendix F. This section provides additional detail for the
ARARs related to RCRA/CHWA closure, the treatment and discharge of the landfill
seep, air, surface water, and wildlife.

RFCA paragraphs 16 and 17 established the requirements under which the CERCLA
permit waiver applies. For any action that would require a permit except for the
CERCLA waiver, RFCA Paragraph 17 requires that the following information be
included in the submittal: |

a. Identification of each permit that would be required;

b. Identification of the standards, requirements, criteria, or limitations, which have to
be met in order to obtain each permit; and
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c. Explanation of how the response action proposed will meet the standards,
requirements, criteria, or limitations identified in subparagraph b (immediately
above).

This information is included for those aspects of the proposed action that are eligible for

the permit waiver.

6.1 RCRA Unit Closure Requirements

This section focuses only on RCRA hazardous waste and constituents for purposes of
demonstrating closure of the Present Landfill. This section of the IM/IRA is the Closure
Plan for the Present Landfill and this IM/IRA serves as notification to CDPHE of the
pending closure of the Present Landfill. No specific form is required for notification of
closure. The Present Landfill will be closed consistent with the RCRA/CHWA closure
performance standard for interim status units (6 Colorado Code of Regulations [CCR]
1007-3, Part 265.111), which requires DOE to close the unit in a manner that:

e Minimizes the need for further maintenance;

¢ Controls, minimizes, or eliminates, to the extent necessary to protect human
health and the environment, post-closure escape of hazardous waste, hazardous
constituents, leachate, contaminated runoff, or hazardous waste decomposition
products to groundwater surface water, or atmosphere; and

o Ifthe unitis a landﬁll complies with the closure and post-closure requlrements of
‘Part 265.310.

To demonstrate compllance with these closure performance standards, the following
sections discuss each of these requirements.

6.1.1 Minimize the Need for Further Maintenance

Minimal maintenance will be required for the Present Landfill since a RCRA Subtitle C
compliant cover will be placed over the landfill. See Figure 4 for the proposed cover
configuration components. A cobble layer is proposed to deter the intrusion of borrowing
animals. The cobble layer is cover with an additional 2-feet of soil to further protect the
geosynthetic liner. Vegetation of a soil cover is planned to further reduce erosion,
although vegetation and weed control measures will be employed to maintain a healthy

" stand of vegetation consistent with the wildlife refuge end-state. Storm water runoff from

the cover will utilize perimeter drainage ditches around the landfill and will require
minimal maintenance to ensure the drainage’s remain open and unobstructed.

6.1.2 Control, Minimize, or Eliminate Post-Closure Escape of Hazardous Waste,
Hazardous Constituents, Contaminated Runoff, or Hazardous Waste
Decomposition Preducts and Leachate ‘

The post-closure escape of hazardous waste from the Present Landfill is controlled in that
the landfill is located within a valley and sits on a relatively low-permeability
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unconsolidated bedrock foundation, which minimizes the lateral and downward migration
of hazardous waste. A RCRA Subtitle C-compliant cover will be placed over the Present
Landfill. This cover will minimize the infiltration of precipitation through the landfill,
thereby minimizing the migration of hazardous waste, hazardous constituents, hazardous
waste decomposition products, and leachate from the landfill.

-

6.1.3 Comply with Landfill Closure Requirements

The landfill closure requirements, as defined in 6 CCR 1007-3 265.310(a), require that a
final cover be placed over the landfill and that it be designed and constructed to:

e Provide long-term minimization of migration of liquids through the closed
landfill;

e Function with minimum maintenance; '
e Promote drainage and minimize erosion or abrasion of the cover;

e Accommodate settling and subsidence so that the cover’s integrity is maintained;
and

e Have permeability less than or equal to the permeability of any bottom liner
system or natural subsoils present.

As previously mentioned, a RCRA Subtitle C-compliant cover will be placed over the
Present Landfill. Figure 4 provides the proposed cover configuration components. The
detailed design of the cover will take several months to complete. However, this type of
cover has been shown to function with minimal maintenance, while it promotes drainage
and prevents direct contact with the landfill waste and interstitial soil. The RCRA '

. Subtitle C-compliant cover design provides long-term minimization of migration of

liquids through the closed landfill through the design of the geosynthetic composite liner.
Erosion of soil and other materials on the surface is anticipated to be minimal to non-
existent. Because this landfill has been in existence for approximately 35 years, settling
and subsidence is anticipated to no longer be significant issues and-the cover components:
are designed to maintain the cover’s integrity. The Subtitle C cover has a permeability
less than the existing subsoils present beneath the landfill.

6.1.4. Closure Activities

The overall project approach is presented in Section 5.0. Detailed design specifications
will be presented in the final design documents for approval by EPA and CDPHE. The
construction contractor will be held in strict conformance to the final construction design
drawings and specifications. ‘

Quality assurance/quality control (QA/QC) inspection and testing will be performed
during construction of the RCRA equivalent Subtitle C cover in accordance with the
Construction Quality Control (CQC) Plan as well as the construction specifications.
These specification outline specific inspection and testing requirements for all materials
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and construction performance, necessary documentation, procedures for correcting
nonconforming items, and the party responsible for each aspect of the CQC. All

materials and placement of materials for the cover will be subject to inspection and : |
testing to ensure conformance to the specifications.

Ancillary activities performed concurrently with construction of the RCRA Subtitle C
cover will include wetlands protection, surface water management, and site security.
Compensatory mitigation for unavoidable impacts to wetlands will be provided in
accordance with a wetlands mitigation plan. Surface water runoff will be controlled by
grading the surface of the landfill. Surface water will drain to the perimeter drainage
ditches and routed to No Name Gulch. The water level in the East Landfill Pond may be
lowered to allow better access for construction activities during closure by transferring
water to Pond A-3. Seep management and landfill gas monitoring will be performed as a
continuation of the accelerated action until construction of the cover begins.

Site security will be maintained during and after construction activities. Signs will be |
posted warning of potential danger at the landfill. - : :

6.1.5. Closure Certification |

After installation of the RCRA Subtitle C cover, DOE will provide EPA and CDPHE
with a certification that the Present Landfill cover has been installed in accordance with
the final approved design documents (including approved changes and field
modifications, if applicable). An independent, registered professional engineer will sign
this certification. The closure certification and supporting documentation will be
included in the Closeaut Report. -

6.2 RFCA Attachment 10

RFCA Attachment 10 requires that a cover be placed over the Present Landfill. As
described above in Section 5.4, post-closure controls, monitoring and maintenance
requirements for the cover will be implemented at the Present Landfill in a CHWA Part
265 post-closure permit or other enforceable mechanism, as briefly described in
Appendix A. After the cover has been installed, groundwater POC and alternate
concentration limits (ACLs) (if appropriate) for the unit will be designated and identified
in the post-closure permit, or other enforceable mechanism, as discussed in Section 5.4.

RFCA Attachment 10 requires that groundwater “design concentration limits” (DCLs) be
calculated as a design criteria for the cover. DCLs are calculated at the unit boundary
and assume an ongoing release from the unit, but at levels that are protective of human
health and the environment, consistent with the RFETS Vision (RFCA Appendix 9).
DCLs are back-calculated from the surface water quality standards in RFCA Attachment
5, Table 1.

'Groundwater at the unit boundary exits the ground at the Present Landfill séep. The

Present Landfill seep is contaminated with low levels of volatile organics, notably
benzene and vinyl chloride, sometimes at levels slightly above RFCA Attachment 5,
Table 1 surface water ALs and MCLs for drinking water. The cover is designed to
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. reduce infiltration by over 90 percent and effectively reduce the formation of leachate

that could contribute to groundwater contamination. The analysis of groundwater in
Appendix D downgradient of and lateral to the unit boundary indicates that the Present
Landfill, without any cover other than the present 1 to 4 feet of soil is not contributing
contaminants to groundwater in the vicinity. Based upon the foregoing considerations,
the RCRA Subtitle C cover proposed for the Present Landfill is not based upon a DCL
criterion, but rather upon a design infiltration rate that meets RCRA Subtitle C
requirements and guidance criteria. '

6.3 Air

The proposed action has the potential to generate fugitive particulate emissions, but very
little potential for hazardous air pollutant (HAP) emissions because the waste material in
the landfill will not be disturbed. Subpart H of 40 CFR Part 61 contains the requirements
for monitoring and reporting activities within DOE facilities that have the potential to
emit radionuclides other than radon. Potential emissions from the proposed action that
may affect 40 CFR 61 compliance have not been identified; however, normal perimeter
National Emission Standards for Hazardous Air Pollutants (NESHAPs) compliance air
monitoring will be conducted during the cover installation.

Colorado Regulation No. 1 (5 CCR 1001-3) governs opacity and particulate emissions.
Section II of Regulation No. 1 addresses opacity and prohibits stack emissions from fuel-
fired equipment exceeding 20 percent opacity. Section III addresses the control of
particulate emissions. Fugitive particulate emissions will be generated from construction
and transportation activities. During construction activities, dust minimization
techniques, such as water sprays, will be used to minimize suspension of particulates. In
addition, construction activities will not be conducted during periods of high wind. The
substantive requirements of Regulation'No. 1 will be incorporated into a Dust Control

Plan, which will define the level of particulate control for the project.

Colorado Regulation No. 3 (5 CCR 1001-5) provides CDPHE with the authority to
inventory emissions and Part A describes Air Pollutant Emission Notice (APEN)
requirements. Air quality management subject matter experts will evaluate the project
emissions and, if applicable, an APEN will be prepared to facilitate CDPHE’s inventory
process. '

The final surface of the landfill cover will appropriately reduce the potential post-action
wind erosion of soil and subsequent particulate emissions. Significant air emissions are
not anticipated after the closure construction is complete.

6.4 Compliance with NPDES ARARs

6.4.1 Permit Waiver Requirements

Appendix F to this IM/IRA presents the ARARs that apply to the Present Landfill
closure. Specifically, water discharged from the landfill will be subject to regulation
under the Federal Water Pollution Control Act (aka Clean Water Act [CWA]), 33 U.S.
Code (USC) 1251 et seq., and the NPDES regulation under 40 CFR Part 122. For the
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activities described in this document, the substantive requirements of 40 CFR 122.28 will
be met to the extent practicable.

6.4.2 Present Landfill Point Source Discharge Compliance

The following information specifically addresses the requirements listed above.

6.4.2.1 Permit Required

The Present Landfill seep water is intercepted in a perforated pipe that directs water into
a passive treatment system. The seep water flow is first measured and is then directed to
a passive treatment tank where flagstone steps (waterfall) treat the water before flowing

into the East Landfill Pond. This description of the treatment unit and outfall requires an

" NPDES discharge permit, except as excluded under CERCLA 121(d)(1). The monitoring

point for NPDES purposes will be at the discharge from the WWTU tank system.

6.4.2.2 Requirements to Obtain a Permtt

The requirements for NPDES permit applications are set forth in 40 CFR Part 122 which
specifies that an applicant must complete an EPA Form 2-C, and supply all relevant
facility information. The Present Landfill, Present Landfill seep description, and water
quality information contained in this IM/IRA are the same as would be included in an
NPDES permit application. When issued, the NPDES permit specifies effluent
limitations for the prospective outfall, based on water quality standards applied to the
receiving water and the potential impacts of the discharge on the receiving waters. The
perm1t would also require routine monitoring of the effluent and routine reports to the
issuing agency.

6.4.2.3 How the Present Landfill IM/IRA Meets the Requirements

The NPDES outfall will be at SW00196. (This is the monitoring point for NPDES
purposes, which is at the discharge from the WWTU tank system.) The parameters that
will be monitored are VOCs and metals. The effluent limits are the surface water
standards applicable for the receiving water, as listed in RFCA Attachment 5, Table 1.
After the cover is installed, monitoring at SW00196 will be conducted quarterly until the
first CERCLA review. A validated exceedance of an effluent limit will trigger an increase
in monitoring to monthly for three consecutive months. Continued exceedances during
the three-month period will trigger consultation between the RFCA parties to evaluate
whether a change to the remedy is required, additional parameters need to be analyzed, or
a different sampling frequency is required. If no exceedances are detected during the first
CERCLA review period, then the monitoring frequency will change from quarterly to
either semiannually or annually based on the review of the data by the RFCA parties.

During the sampling period, a validated exceedance of an effluent limit will trigger an

increase in monitoring to monthly for three consecutive months. Continued exceedances -

during the three-month period will trigger consultation between the RFCA parties to
evaluate whether a change to the remedy is required, additional parameters need to be
analyzed, or a different sampling frequency is required. During future CERCLA periodic
reviews, the RFCA parties will evaluate whether continued monitoring at SW00196 is
required. :
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Finally, NPDES permits require that routine reports of monitoring activities be submitted
to the permitting authority. Results of the monitoring described in this section will be
reported annually. These reporting obligations meet the substantive requirements of the
NPDES permit and become part of the Administrative Record (AR).

6.4.3 RCRA Wastewater Treatment Unit Exclusion

The Present Landfill seep discharge contains landfill leachate that is mixed with
groundwater. Because the discharge from the Present Landfill seep treatment system will
be regulated under NPDES, it is not a solid waste and therefore not a hazardous waste at
the point where it is a regulated NPDES discharge (Section 261.4[a][2] of 6 CCR 1007-
3). Under CERCLA, this NPDES discharge is eligible for a permit waiver as described
in sections 6.5.1 and 6.5.2.

For the leachate collection and treatment system upstream of the NPDES-regulated
discharge point under sections 100.10(a)(6) and 265.1(c)(10) of the Colorado Hazardous
Waste Regulations, owners and operators of WWTUs, as defined in 6 CCR 1007-3, Part
260.10, are exempt from hazardous waste permit requirements.

A WWTU refers to a device that:

e [s part of a wastewater treatment facility that is subject to regulation under either
Section 402 or Section 307(b) of the CWA;

e Receives and treats or stores an influent wastewater which is a hazardous waste as
defined in Section261.3 or ... :and

e Meets the definition of a tank or tank system in Section 260.10.

In the current configuration of the seep treatment system, Present Landfill seep water is
intercepted in a perforated pipe that directs water to a flow measurement tank. The flow
is then directed to a treatment tank where the seep water is treated by flowing over a
series of flagstone steps (waterfalls) before flowing into the East Landfill Pond. To meet
the requirements for a WWTU exclusion, treatment of the seep water will occur within a
tank. .

CDPHE issued a Policy on Wastewater Treatment Unit Exemption in June 1991 and a
Guide to Implementing the Division’s Treatment Unit Policy in January 2000
(collectively referred to as the COPHE WWTU Policy and Guide) that established certain
conditions or criteria related to the requirements that must be met for the exemption to

apply.
Requirement 1:

The CDPHE WWTU Policy and Guide provides that generally, the unit must be in the
immediate vicinity of the main structures and/or point(s) of discharge of the wastewater
treatment facility, and the unit must be directly involved in the actual treatment or storage
of the wastewater.
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The point of discharge of the passive seep interception and treatment system is a point

source discharge of the wastewater treatment facility that is subject to NPDES permitting

requirements as identified in Section 6.5, Compliance with NPDES ARARs. The system
is directly involved in the actual treatment and storage of wastewater.

Requirement 2:

Under the CDPHE WWTU Policy and Guide the following criteria must be met for a
hazardous waste to qualify as a “wastewater”:

5. The WWTU must be part of a “designated facility” as defined in 6 CCR 1007-3,
Part 260. :

6. Water content of the waste must be at least 90 percent by weight.

7. Total organic carbon (TOC) of the waste must be less than 1 percent (from 6 CCR
1007-3, Part 268 definition).

8. The flash point of any phase of the waste must be above 140 degrees Fahrenheit.

9. The waste must not have any phase that would cause it to exhibit the
*  characteristic of reactivity, as defined in 6 CCR 1007-3, Section 261.23.

10. Any facility utilizing the WWTU exemptlon must be able to demonstrate
compliance with the above criteria through records of hazardous waste
determmatlons waste characterizations, or analysis.

11. Thermal treatment is not an exempt treatment process unless specifically
approved by CDPHE in writing.

_Criterion 1 applies to shipment of wastewater to an off-site facility for disposition, and

Criterion 7 is not part of the proposed action. A review of the historical analytical
information for the Present Landfill seep water shows that it meets Criteria 2 through 5.
Therefore, under the criteria, the Present Landfill seep water is considered wastewater.

Requirement 3:

6 CCR 1007-3, Part 260.10 defines “tank” as a stationary device, designated to contain an
accumulation of hazardous waste constructed primarily of nonearthen materials (e.g.,
wood, concrete, steel, plastic) that provides structural support. A “tank system” means a
hazardous waste storage or treatment tank and its associated ancillary equipment and
containment system. Under the CDPHE WWTU Policy and Guidance, tanks that manage
wastewater must be a dedicated part of the WWTU.

In the existing seép treatment system, the Present Landfill seep is collected in 4-inch
slotted pipes from the bottom of the east face of the Present Landfill. The existing

_ passive treatment system will be modified to first direct the seep water flow into a flow

measurement tank. Seep water from the flow measurement tank will then be introduced
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to a passive treatment tank consisting of a series of flagstones (waterfalls) for treatment
before being discharged into the East Landfill Pond (Figure 5).

The system meets the Part 260.10 definition of a tank or tank system and is a dedicated
part of the WWTU. '

The seep treatment system will be modified to meet the requirements of a WWTU so that
treatment will occur within a dedicated tank or tank system, as defined in 6 CCR 1007-3
Part 260.10.

6.5 Surface Water

The East Landfill Pond will be allowed to discharge through an overflow structure into
No Name Gulch, which is connected to Walnut Creek. Surface water monitoring for the
Creek is conducted at the existing Indiana Street surface water point of compliance
(POC). S

6.5.1 Stormwater

Given the expected conditions at the Present Landfill site, no significant surface water
impacts are anticipated as a result of stormwater events. However, because the total area
of the project is greater than 1 acre and the location is outside the IA, which has an
effective NPDES Permit for Storm Water, the proposed action would require an NPDES
Storm Water Permit for Construction Activities. However, because it is a CERCLA
action, Paragraphs 16 and 17 of RFCA establish the requirements under which a
CERCLA permit waiver applies. For any action that would require a permit except for
CERCLA, Paragraph 17 requires that the information presented below be included in the
submittal.

6.5.1.1 Permit Required

Because the landfill cover construction project is larger than [ acre in size and lies
outside of the Site IA, an NPDES General Storm Water Permit for Construction
Activities would be required. The permit is found at 40 CFR Part 122, and is obtained by
filing a Notification of Intent (NOI) with EPA. This IM/IRA serves as the NOI for the
Present Landfill.

6.5.1.2 Requirements to Obtain a Permit

Because the stormwater permit for construction activities is a general permit, it has been
through public comment and promulgated by EPA. Obtaining the permit is through the
NOI (i.e., a letter submittal to the agency containing basic information about the project).
The permit requires the installation of best management practices (BMPs) and structural
stormwater controls, such as silt fences, to protect downstream water from potential
surface water contaminants (for example, sediment-laden runoff). These requirements

‘will be part of the cover design.
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6.5.1.3. How Stormwater Control Measures Meet the Requirements

The total area of disturbed soil is approximately 25 acres, including the area of the
landfill to be resurfaced (23 acres) and miscellaneous construction activities (2 acres).
Surface water control measures will be used to minimize surface water contact with
potentially contaminated soil or groundwater and minimize erosional effects during the
construction activities. Precipitation falling on areas where construction is in progress
will be diverted to existing surface water drainage ditches. Other shallow ditches will be
temporarily constructed as needed to prevent sediment-laden stormwater from flowing
directly into No Name Guich. Newly constructed soil surfaces will be stabilized using
revegetation hydromulch, straw-mulch, silt fencing, riprap and other stormwater BMPs to
minimize soil erosion, sediment transport, and surface water quality degradation until the
required vegetation is established. The use of straw-mulch, adequately spaced silt fences,
and other appropriate measures minimizes soil loss and allows the vegetation to become
established. -

6.5.2 Remediation Wastewater

Remediation wastewater generated during construction activities is not expected;
however, if produced, it will be managed consistent with provisions of the RFCA
Implementation Guidance Document (IGD) (DOE et al. 1999). Remediation wastewater,
if produced, will be collected, characterized, and transferred to an approved treatment
unit for processing (i.e., the Site sewage treatment plant or another approved on-site or
off-site treatment facility), or it will be directly discharged in accordance with
requirements of the Site’s Incidental Waters Program (K-H 2003b).

6.6 Wildlife

Construction activities may impact migratory birds protected by the Migratory Bird
Treaty Act, and the Fish and Wildlife Conservation Act. Due to the variations in
potential impacts depending upon the season and nesting schedules for migratory birds,
the substantive requirements of these federal statutes will be evaluated by the Site
Ecology group prior to conducting activities associated with the proposed action. The

substantive requirements identified during the evaluation will be implemented throughout

the construction process.

7.0 ENVIRONMENTAL IMPACTS

Paragraph 95 of RFCA specifies that National Environmental Policy Act (NEPA) values
will be included in RFETS decision documents (DOE et al. 1996). While environmental
consequences are addressed in part throughout this decision document, this section of the
IM/IRA specifically examines environmental impacts and satisfies the REFCA
requirement for NEPA values assessment.

The environmental consequences analysis relies heavily on analyses and conclusions
reached in the CID (DOE 1997) and 2000 CID Update Report (DOE 2001), both of
which focus on cumulative impacts resulting from on-site closure activities. In general,
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the proposed action will have very little adverse long-term impacts on a variety of
resource areas, including air quality, water quality, traffic congestion, and ecological

‘resources. In some instances, the impacts could be intense during construction.

However, impacts will not notably affect human health and safety or the environment,
and they will be temporary and controlled through mitigation actions. For example, dust
will be controlled with water sprays during placement of the cover.

7.1 Impacts to Air Quality

The purpose of this section is to assess the potential impacts to air quality associated with
the proposed installation and maintenance of the soil cover, including fugitive dust
emissions and methane emissions. ‘

7.1.1 Potential Fugitive Dust Emissions

When a cover is placed over the landfill, this action will impact air quality; however, the
impacts to air quality will be temporary and will primarily occur from the operation of
construction equipment. The primary pollutant generated as a result of the proposed
action will be fugitive dust, which includes total suspended particulates (TSP), particulate
matter 10 microns in size or smaller (PM ), and particulate matter 2.5 microns in size or
smaller (PM, s). Dust emissions from cover construction activities will be controlled with
practical, economically reasonable, and technologically feasible work practices, as
required by Colorado Air Quality Control Commission (CAQCC) Regulation No. 1.
Specifically, on-site dust will be controlled through dust minimization techniques, such
as the use of water sprays to minimize suspension of particulates, and terminating
earthmoving operations during periods of high wind, as detailed in the Dust Control Plan.
Particulate emissions will be short-term and controllable, and emissions are not expected
to be above enforceable National Ambient Air Quality Standards (NAAQSs) at the
RFETS perimeter. Therefore, potential impacts to workers and the public from the
proposed action will not be significant.

In addition, dust and emissions from the waste materials in the Present Landfill will not
be an air quality concern, because excavation and movement of the waste materials is not
part of the proposed accelerated action and will remain undisturbed.

7.1.2 Potential Methane Emissions

Methane emissions from the Present Landfill have been estimated using EPA’s
LANDGEM model. This model was used to estimate total landfill gas emissions by
estimating methane, carbon dioxide, and nonmethane organic compound emissions
individually, and then summing the three results. The model indicated relatively low
rates of landfill gas generation, with the majority (approximately 80 percent) of methane
and total landfill gas production occurring by the year 2025. Landfill methane emissions
are not anticipated to impact the environment.
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7.1.3 Potential Equipment Emissions.

Cover construction activities will also include operation of vehicles, heavy machinery,
and other equipment that generate other criteria pollutants. Estimated concentrations of
other criteria and HAPs provided in the CID (DOE 1997) were well below the most
restrictive occupational exposure limit, with the exceptions of sulfur dioxide, nitrogen
dioxide, and carbon monoxide, which approached 50 percent of the most restrictive
occupational exposure limit. The CID (DOE 1997) identified the primary sources of
these pollutants as diesel-powered emergency generators used to supply backup power at
RFETS. According to the 2000 CID Update Report (DOE 2001), maximum daily
emissions will remain approximately the same as forecast in the CID (DOE 1997).
Equipment emissions from cover construction activities are expected to be substantially
less than the CID (DOE 1997) and 2000 CID Update Report (DOE 2001) estimates;
therefore, impacts to workers and the public are not a concern.

7.2 Impacts to Surface Water

Construction activities associated with installation of the cover will result in surface
disturbance from the clearing of vegetation, excavation and salvage of existing soil
material, blading and leveling of land preceding construction, and the potential for
accidental uncovering of waste materials. Potential impacts to surface water during the
construction phase include increased erosion and subsequent sediment loading to the East
Landfill Pond, perimeter drainage ditches, and No Name Gulch during storm events. The
RCRA Subtitle C-compliant cover will result in minimal potential for both sheet and
channelized runoff, as well as wind and water erosion, resulting in decreased
sedimentation of ditches and No Name Gulch.

Cover construction may require some soil obtained from off-site commercial operations
or onsite sources. NEPA analysis of on-site excavation of these borrow materials has
been addressed in other site decision documents. Off-site facilities address these issues
through permits issued to the facility.

The remedial construction activities are not expected to have any physical contact with
contaminated soil or waste materials. In the event equipment and personnel come in
contact with potentially contaminated materials during construction, decontamination
will be performed at the RFETS main decontamination facility to reduce potential
impacts to surface water.

Long-term impacts will be minimized because the cover will minimize infiltration of
precipitation and subsequent contact with contaminants, thus reducing the volume of
Present Landfill seep water discharged to the surface. In addition, the cover will
incorporate surface drainage features to prevent runon/runoff and provide erosion control.
The proposed action will result in a decrease in the risk of contaminants reaching surface
water by reducing the precipitation contacting contaminated soil or waste materials and
the continued operation of a modified passive seep interception and treatment system
designed to meet surface water standards. Precipitation falling within the boundary of the
landfill will be drained from the cover and diverted away from the landfill. Surface water
drainage from areas outside the landfill boundary will be prevented from flowing onto the

67




7

Final Interim Measure/Interim Remedial Action for the IHSS 114 and RCRA Closure of the Present

. Landfill

landfill and diverted around the boundary. Using appropriate surface-reclamation
measures, a RCRA Subtitle C-compliant cover will be established on the final surface of
the landfill. The establishment of a RCRA Subtitle C-compliant cover on stabilized
slopes, contours of the landfill, and surrounding disturbed surfaces will greatly reduce
erosion to levels similar to surrounding areas.

Post-accelerated action monitoring activities will include inspections of the landfill
surface and associated drainage ditch conditions. Observations of the cover and evidence
of soil erosion and loss will be included in the routine inspection and maintenance
activities. Further erosion control measures and regrading will be implemented if
maintenance inspections indicate the landfill surface reclamation is not as effective as
planned.

In summary, the potential impacts to surface water from the proposed action will not be
significant.

7.3 Impacts to Groundwater

Current sources of groundwater recharge to the UHSU include infiltration of
precipitation, snowmelt, stormwater runoff, and possible downward seepage from the
East Landfill Pond. The level of groundwater rises annually in response to spring and
summer recharge and declines during the remainder of the year. The groundwater flow
direction generally mimics surface topography and the weathered bedrock surface.
Groundwater flow modeling indicates that most, if not all, saturated zone groundwater
within the UHSU is discharged to the surface at the Present Landfill seep. Present '
Landfill seep discharge is first treated and then flows into the East Landfill Pond. The
dam located east of the East Landfill Pond significantly limits further downgradient -
migration of water from the surface.

Local impacts to hydraulic gradients are expected because the cover will reduce surface
water infiltration. The cover will cause an increase in surface water flows after storm

_events as the water is shed laterally, rather than infiltrating the surface. Surface water

drainage ditches will divert stormwater runoff around the landfill, resulting in further
reduction of surface infiltration and groundwater recharge through the fill.

“The cover will provide an overall positive impact to groundwater in that it will reduce the

amount of precipitation that is infiltrated into and through the landfill. As a result, less
leachate will be generated at the landfill and less groundwater mixed with leachate will
discharge to the surface at the Present Landfill seep. No significant impact to
groundwater quality is expected from the remedial action, given that no sxgnlﬁcant
impact to downgradient groundwater quality is currently observed.

7.4 Impacts to Wildlife Vegetation

Cover construction activities at the Present Landfill may temporarily affect vegetation
communities and wildlife habitat in and around the area. Temporary effects due to
surface disturbance associated with cover construction and noise associated with heavy
equipment are expected.
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Approximately 25 acres will be affected by construction activities, which will include the
landfill cover construction (23 acres), and miscellaneous activities, including the
construction of a staging area (2 acres). Borrow area and staging area sites may be
located in mid-grass prairie vegetation communities that currently contain a mixture of
native and non-native plants. Revegetation of areas will include native prairie species.

The period of increased equipment noise, vehicular traffic, and other human activity will
last less than one year. During this time, sensitive wildlife species may avoid the area.
The area affected is highly variable and dependent on species and individuals. Some
animals may habituate to the activity and return to the area. Although wildlife use of the -
area may be reduced because of this avoidance response, the drainage area of the Present
Landfill does not represent critical habitat or breeding areas for Site wildlife.

Long-term impacts on ecological resources will include physical alteration of terrestrial
habitats. Physical alteration of the habitats will include degradation and/or permanent
loss of existing habitat. The primary areas involved are mid-grass prairie in the borrow
and staging sites, and the mid-grass prairie immediately surrounding the landfill and East
Landfill Pond. The wetland and aquatic habitats associated with the pond, and the
riparian/grassland areas immediately east of the pond, will not be impacted.

As noted previously, the potential borrow area and staging area sites represent only a
temporary loss of habitat because they will be revegetated with native species after
completion of the landfill cover. Therefore, potential impacts to wildlife and vegetation
during implementation of the proposed action will not be significant.

The proposed Present Landfill cover will result in a temporary loss of habitat over '
approximately 23 acres; however, the amount of habitat lost to the cover is a small
fraction of the overall amount of habitat available in the region.

7.5 Impacts to Transportation

The proposed action will only slightly impact both on-site and off-site transportation
systems. Increased on-site truck traffic will be an inconvenience; however, safety risks
will be low and impacts will be mitigated by very low and closely observed speed limits.
In comparison analyses in the CID (DOE 1997), off-site traffic impacts will not increase
substantially. Therefore, potential impacts to transportation from the proposed action will
not be significant. ' "

7.3 Impacts to Cultural and Historic Resources

The Rocky Flats Plant site was placed on the National Register of Historic Places as a
Historic District (5JF1227) on May 19, 1997. Historic District designation mandates
compliance with the Historic Preservation Act of 1966, and the Programmatic Agreement
among DOE, the Colorado State Historic Preservation Officer, and the Advisory Council
on Historic Preservation Regarding Historic Properties at RFETS. While the remedial
action will be conducted within the Historic District boundaries, no impact will occur to
protected structures.
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7.6 Impacts to Visual Resources

During installation of the cover, bulldozers and other equipment may be visible from off-
site locations. Dust generated during earthmoving operations may be temporarily visible,
but will dissipate and will not leave the Site as a visible cloud or plume of dust. Control
measures, such as watering, will be used if needed to control dust. Therefore, potential
impacts to visual resources during implementation of the proposed action will not be
significant. The RCRA Subtitle C-compliant cover will not present a long-term impact to
visual resources because it will be vegetated with native prairie grasses.

7.7 Noise Impacts

Noise levels may be elevated during construction of the cover. These levels will not
exceed those commonly encountered at a highway construction site. Appropriate hearing
protection will be supplied to project personnel as identified in the project-specific
HASP. Therefore, potential noise impacts from the proposed action will not be
significant.

7.8 Cumulative Impacts

The proposed action supports the overall mission to clean up RFETS and make it safe for
future uses. The cumulative effects of this broad, Sitewide effort are presented in the
CID (DOE 1997) and 2000 CID Update Report (DOE 2001), which describe the short-
and long-term effects from the overall cleanup mission.

The primary focus of the CID (DOE 1997) is on cumulative impacts resulting from on-
site activities conducted during Site closure. Cumulative impacts result from the effects
of Site closure activities and other actions taken during the same time in the same
geographic area, including off-site activities, regardless of what agency or person
undertakes such other action. The analysis contained in the 2000 CID Update Report
(DOE 2001) includes updated on-site and off-site transportation activities, as well as
several new off-site activities, although the future non-DOE projects are relatively
uncertain. Increased traffic congestion will be the most noticeable impact according to
the 2000 CID Update Report (DOE 2001), resulting from increased RFETS traffic and
other planned or proposed construction projects near RFETS. Air pollutants and noise
will also have adverse impacts; however, the impacts are expected to be short-term in
nature, with staggered project start and completion dates.

The cumulative impacts of the proposed action are expected to be similar to those
analyzed in the CID (DOE 1997) and 2000 CID Update Report (DOE 2001). Over the
short term, additional construction personnel will have an additive effect on the existing
workload for Site operations, and there will be increased air emissions, visual impacts,
noise, and traffic impacts resulting from construction activities. These short-term
impacts will be minimal. Long-term impacts (i.e., Present Landfill cover construction
activities in conjunction with other ER work and facility decommissioning activities)
facilitate future use of the Site and fulfill the mandated cleanup objectives.

70




/A0

Final Interim Measure/Interim Remedial Action for the IHSS 114 and RCRA Closure of the Present
Landfill

7.4 Irreversible and Irretrievable Commitment of Resources

The proposed action will result in a variety of permanent commitments of resources;
however, it is not expected to result in a substantial loss of valuable resources. Most of
the resources used for construction of the cover are permanently committed to
implementation of the remedial action. Irreversible and irretrievable resources are
defined as resources that are either consumed, committed, or lost. At the Present
Landfill, irreversible and irretrievable resources include the following:

e Consumptive use of geological resources (e.g., quarried rock, soil, and gravel for
road construction) will be required for construction activities. Supplies of these
materials will be provided by an on-site or off-site commercial borrow source.

" The proposed action requires a permanent commitment of a RCRA Subtitle C-
compliant cover to construct the Present Landfill cover. However, adequate
supplies are available without affecting local demand for these products.

e Materials for the construction of the geosynthetic composite liner will be
required; however, adequate supplies are available without affecting local or
national demand for these products.

e Fuel consumed by construction equipment and vehicles used for the construction
of the Present Landfill cover will not be recovered.

» Resources that are accessible by excavation or drilling within the cover and that
underlie the Present Landfill will be lost.

e The commitment of up to 23 acres of land as a landfill permanently commits and
constrains the area to limited land-use options.

e Wetlands and associated natural resources will not be reduced at the Present
Landfill. Long-term direct impacts to the floodplain resulting in changes of flood
elevations will not occur.

e A long-term commitment of personnel and funds will be required to perform post-
closure inspection, maintenance, and monitoring activities.

e Commercial, industrial, and residential land uses are permanently prohibited
within boundaries of the Present Landfill due to construction of the cover and the
network of monitoring wells. Groundwater use will also be prohibited.

e Incidental resources that are consumed, committed, or lost on a temporary and/or
partial basis during construction include construction personnel and equipment,
the construction water source, and some construction materials for staging and
access.

e Monitoring and maintenance activities will be performed, as necessary, to ensure -
long-term protection of human health and the environment.
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8.0 IMPLEMENTATION SCHEDULE

It is anticipated that the accelerated action will be implemented during FY04.

9.0 CLOSEOUT REPORT

Upon completion of cover construction activities at the Present Landfill, a Closeout
Report will be prepared in accordance with RFCA to address cover construction. The
Closeout Report will document the work completed within the scope of this IM/IRA.
The expected outline for the Closeout Report is as follows:

e Introduction;

e Construction description;

e Dates and duration of specific activities (approximate);

e Deviations from the decision document;

e Description of unit closure activities;

e Demarcation of wastes left in place (i.e., survey bench marks and meésurements);
e Demarcation of areas requiring apcess controls;

¢ Construction photographs; and

e Results of QA/QC testing and inspections.

The closeout report will include the cover certification report prepared by an independent
licensed Professional Engineer.

Upon completion, the Closeout Report will be submitted for review and approval by
CDPHE and EPA, and placed in the AR File.

10.0ADMINISTRATIVE RECORD

The AR File will contain the Present Landfill IM/IRA, including scoping meeting
minutes, unit-specific information for RCRA-regulated units undergoing closure, and the
Final Closeout Report for the project. In addition, project-specific information, such as
project correspondence, work control documents, and other information generated as a
direct result of this project, will be filed in the Project Record.. The Project Record files
will be transferred to Site Records Management upon completion of the Final Closeout
Report.
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11.0RESPONSIVENESS SUMMARY

Responses to comments received during the formal public comment period, including

comments from the regulatory agencies, are documented in Appendix G.
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- POST-ACCELERATED ACTION MONITORING
AND LONG-TERM STEWARDSHIP CONSIDERATIONS

The objective of this section is to identify post-accelerated action monitoring and post-
closure care (that is, long-term stewardship) requirements of the proposed accelerated
action for the Present Landfill. These requirements are necessary for the long-term
effectiveness of this remedy and include the following components: compliance with the

. Colorado Hazardous Waste Act (CHWA) post-closure requirements of 6 Colorado Code of

Regulations (CCR) 1007-3, Part 265; information management; periodic review; and
administrative jurisdiction. Other requirements necessary for the short- and long-term
effectiveness of the remedy are identified in this Appendix, including institutional controls,
inspection and maintenance, and environmental monitoring. These requirements are '
specific to the accelerated actions described in this IM/IRA and are summarized in Table 1.
Additionally, these requirements will ultimately be captured (along with post-closure care
requirements from other accelerated actions at Rocky Flats) in post-closure regulatory
documents, which may include the final Corrective Action Decision/Record of Decision
(CAD/ROD) for Rocky Flats, any post-closure Rocky Flats Cleanup Agreement (RFCA)-
type agreement, and any post-closure Resource Conservation and Recovery Act (RCRA)
permit (or other enforceable mechanism). DOE and CDPHE have not reached agreement as
to whether a post-closure permit or, alternatively, an enforceable document as defined in 6
CCR 1007-3, Section 100.10(d) will be required for Rocky Flats, and if so, what
requirements that permit or enforceable document will contain. The Parties will endeavor
to resolve this matter. Failing an agreed-upon solution, each Party reserves its rights as
provided in RFCA part 18. Further, absent resolution of this matter consistent with the
State Covenants Law, the CDPHE reserves the right to require a post-closure permit.

1.0 RCRA/CHWA POST-CLOSURE CARE REQUIREMENTS

Post-closure controls, monitoring, and maintenance requirements for the cover described in
this Appendix will be implemented at the Present Landfill. Some of these requirements are
also the subject of an environmental covenant for the site if it is determined that Colorado’s
law applies to the federal government (see Section 25-15-320, C.R.S.).

The RFCA Parties have not reached agreement on the applicability of the statute to the
federal government. Failing an agreed-upon resolution, each Party reserves its rights as
provided in RFCA Part 18. 6 CCR 1007-3 Part 265.310(b) details the maintenance and
monitoring requirements that must be implemented throughout the post-closure care period.
The regulations establish 30 years as the default post-closure care period. However, the
Colorado Department of Public Health and Environment (CDPHE) has the authority to
increase or decrease this time period, as appropriate. The following requirements will be
imposed in the post-closure permit or other enforceable mechanisms implemented for the
Present Landfill:

» Maintain the integrity and effectiveness of the final cover, including making
repairs to the cover as necessary to correct the effects of settling, subsidence,
erosion, or other events; '
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» Maintain and monitor the groundwater monitoring system and comply with all
other appropriate requirements; and

> Prevent runon and runoff from eroding or otherwise damaging the final cover.

Each of these three requirements is discussed further below.

1.1  Maintain Integrity and Effectiveness of the Final Cover

Current Sitewide security and access controls will be maintained until completion of the
Rocky Flats Environment Technology Site (RFETS or Site) Closure Project. Additional
institutional controls related to maintaining the integrity and effectlveness of the final cover
are identified in the IM/IRA and summarized in Table 1.

Following construction of the cover, monitoring and maintenance activities will be
performed quarterly. The cover will be inspected for signs of erosion, differential settling,
subsidence, burrowing animals, weeds, and seepage areas. Signs of potential problems
include, but are not limited to, deep rooting vegetation (trees), ponded water on the surface,
and surface depressions.

Routine maintenance of the cover will include filling in and regrading any depressions,
burrowing animal holes, or other disturbances. Where excessive erosion has occurred, soil
will be replaced with similar cover soil and revegetated. After restoration of the cover; the
area prone to excessive erosion will be protected further with structural erosion controls
such as erosion mats, silt fences, straw-bale sediment barriers, and straw-bale check dams.
These controls will be installed and maintained as necessary to limit sediment transport.

Special attention will be provided on the east-facing slope of the landfill to monitor for any

_sloughing or movement of the side slope.

Repairs and routine maintenance will be made to maintain the integrity and effectiveness of
the cover. Inspection results, repairs, and routine maintenance will be documented in
annual reports to the regulatory agencies and may be combined with future Sitewide
maintenance and monitoring reports.

1.2 Maintain and Monitor the Groundwater Monitoring System

A groundwater monitoring system (6 CCR 1007-3, 265.90[d]) was implemented under the
Integrated Monitoring Plan (IMP) and has monitored downgradient groundwater quality for
impacts from the landfill. A total of eight (four upgradient and four downgradient) RCRA
groundwater monitoring wells have been established for the Present Landfill pursuant to
RFCA and RCRA. The effects of the new cover including changes in surface water and
groundwater flow may occur which could impact the groundwater quality. The constituents
that will be monitored are volatile organic compounds (VOCs) and metals. The purpose of
this monitoring is to evaluate upgradient versus downgradient groundwater quality at the
Present Landfill. Groundwater sampling results will be evaluated in accordance with RFCA
Attachment 5, Section 3.0.
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1.3 Prevent Runon and Runoff From Eroding or Damaging the Cover

The landfill cover will be graded to allow positive surface water drainage (slopes of 3
percent to 5 percent) into perimeter drainage ditches that will collect and direct surface
water flow from both inside and outside the landfill footprint. Erosion of the cover from
storm or wind events is extremely unlikely but will be monitored as part of the routine
inspections of the cover. In addition, water that infiltrates the soil layer of the composite
cover will be removed by the composite drainage layer above the flexible membrane liner
(FML) and flow into the perimeter drainage ditches. This will prevent a build-up of water
over the FML.

Following construction of the cover, inspection and maintenance activities of the perimeter
drainage ditches will be performed quarterly. The perimeter drainage ditches will be
visually inspected for signs of erosion and weeds. Routine maintenance, as necessary,
includes repairing areas with soil erosion blankets and reseeding.

Routine maintenance will be conducted to prevent runon and runoff from eroding or
damaging the cover. Inspection results, repairs, and routine maintenance will be
documented in annual reports to the regulatory agencies and may be combined w1th future
Sitewide maintenance and monitoring reports.

2.0 LANDFILL SEEP MONITORING

The landfill seep will be monitored at the influent to the treatment system and at the
National Pollutant Discharge Elimination System (NPDES) outfall (treatment system
effluent ). The parameters that will be monitored are VOCs and metals. The effluent limits
for the treatment system effluent are the surface water standards applicable for the
receiving water as listed in RFCA Attachment 5, Table 1. After the cover is installed,
monitoring of the influent and effluent of the treatment system will be conducted quarterly
until the first Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) review. A validated exceedance of an effluent limit will trigger an increase in
monitoring to monthly for three consecutive months. Continued exceedances during the
three-month period will trigger consultation between the RFCA parties to evaluate whether
a change to the remedy is required, additional parameters need to be analyzed, or a
different sampling frequency is required. If no exceedances are detected during the first
CERCLA review period, then the monitoring frequency will change from quarterly to
either semiannually or annually based on the review of the data by the RFCA parties.

During the sampling period, a validated exceedance of an effluent limit will trigger an
increase in monitoring to monthly for three consecutive months. . Continued exceedances
during the three-month period will trigger consultation between the RFCA parties to
evaluate whether a change to the remedy is required, additional parameters need to be
analyzed, or a different sampling frequency is required. During future CERCLA periodic
reviews, the RFCA parties will evaluate whether continued monitoring of the treatment
system effluent is required beyond the yearly sampling required under the existing law.
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3.0 EAST LANDFILL POND MONITORING

If the effluent of the seep treatment system continues to exceed the effluent limits
established in Section 2.0, water in the East Landfill Pond will be sampled for the
constituents that have been exceeded in the seep treatment system effluent. If the water in
the East Landfill Pond exceeds the surface water standards applicable for the receiving
water as listed in RFCA Attachment 5, Table 1, the RFCA parties will be consulted to
determine if further monitoring is required, if the water in the pond can be allowed to
overflow through the existing spillway at the East landfill Pond, or some other water

' management strategy should be implemented.

4.0 INSTITUTIONAL CONTROLS

Institutional controls include administrative controls such as use restrictions, and are
intended to prevent or limit adverse exposure to residual contamination, and/or limit access
to a site to ensure the ongoing security and effectiveness of facilities such as engineered
controls or monitoring devices. Physical controls that restrict access to the site are included
as a subset of institutional controls. General and specific post-accelerated action
institutional controls for RFETS as a whole are currently being evaluated by the U.S.
Department of Energy (DOE) and the regulatory agencies, and in consultation with the
U.S. Fish and Wildlife Service (USFWS), and the community. :

* The institutional controls that will be implemented at the Present Landfill for this proposed

action are described below. Controls described in Items 3 through 9 will be included in the
post-closure permit or other enforceable mechanism for the Present Landfill. The RFCA
parties have not resolyed whether the federal government is required to comply with
Colorado’s SB01-145. If it is determined that Colorado’s SBO1-145 does apply to federal
agencies, an environmental covenant will be required for the Present Landfill, and the
controls described in Items 3 through 9 will also be included in such a covenant. The
Present Landfill controls are as follows:

1. Current Sitewide security and access controls will be maintained until completion of
the RFETS Closure Project, currently scheduled for December 2006, but will be
replaced by equivalent controls for the Present Landfill and other specific areas for
which security and access controls are required.

2. In accordance with the ‘Rocky Flats Wildlife Refuge Act of 2001 (Pub.L. 107-107, Sec.
3171-3182, [December 28, 2001]), DOE will retain jurisdiction over the engineered
controls associated with the proposed action.

3. 'Prohibitions on drilling and pumping of groundwater wells for uses other than the
remedy will be established.

_ 4. Prohibitions on the use and excavation of the cover and of the area in the immediate

vicinity of the cover will be established.

5. Prohibitions on drilling on and in the immediate vicinity of the cover will be
established. ‘
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6. Prohibitions on disruption of the seep and the passive seep interception and treatment
system until it is determined that the system is no longer need be established.

7. To avoid adverse impacts, roads and trails will not be allowed on the cover or the
immediate vicinity of the cover. Signs may be erected that indicate vehicles are
prohibited from specific areas and that direct vehicle traffic appropriately. A
determination will be made during project construction as to whether signs or fences
will be used as the preferred means of restricting access.

8. Upon construction completion, fencing around the cover, or specific locations on or
around the cover, may also be considered to limit the potential for damage or tampering
with the location. Signs and markers may be used as controls to delineate the landfill
boundary; outline digging, fishing, swimming, groundwater, and surface use
restrictions; and/or describe access restrictions to the landfill cover and monitoring
locations for the cover. '

9. Inspection of these institutional controls will be performéd quarterly to determine their
continuing effectiveness. Results of these inspections will be reported annually.

50 CERCLA FIVE-YEAR REVIEW

In accordance with CERCLA, a review of the remedy remaining protective of human
health and the environment will be conducted periodically, at least every five years.

6.0 INFORMATION MANAGEMENT

A successful stewardshipprogram is dependent on retaining the necessary records about
the history and residual contamination of the site. Retained information should include the
history of the site, the contaminants of concern (COCs), the selected remedies, the use of
controls and their associated monitoring and maintenance records, and any other
information judged necessary for succeeding generations to understand the nature and
extent of the residual contamination. At a minimum, the following records will be retained,
stored, and retrievable for this accelerated action:

e This IM/IRA and any future modifications;

e The final design for the cover and field change requests;

e The as-built drawings of the cover;

e- The monitoring and maintenance manual and subsequent revisions;

e Inspection records and logbooks;

e Maintenance records and logbooks;

e Annual performance assessment reports;

e Analytical data;
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°

Table 1. Summary of Present Landfill Post-Accelerated Action Monitoring, Maintenance, and Institutional Control

Requirements
_ Area - Action "Fréquenc T Criteriat ,'(ijin’"_Aj:cAt’,iéh'
Cover Visual Inspection Quarterly Differential settling/ Repair as necessary.
subsidence
Erosion Repair erosion areas with soil and revegetate as
necessary. '
Unwanted vegetation Remove deep rooting trees or employ weed control
measures, as necessary.
Burrowing animals Remove animals and repair damage as necessary.
Perimeter Drainage | Visual Inspection Quarterly Erosion Repair erosion areas with soil, erosion blankets, and
Ditches ' revegetation as necessary.
Unwanted vegetation Remove deep rooting trees or employ weed control
measures as necessary.
Landfill Seep Sampling, influent and | Quarterly Analyze for VOCs and If a surface water standard is exceeded, sampling
effluent of the passive metals. Effluent will increase to monthly for three consecutive
_treatment system limitations are the months. If exceedances continue, the RFCA parties
surface water standards will consult to determine whether a change in the
"(RFCA Attachment 5, remedy is required, additional parameters need to
Table 1) be analyzed; or a different sampling frequency is
: required.
Passive seep Visual Inspection Quarterly System components Repair as necessary.
interception and ’
treatment system
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Unwanted vegetation

Employ weed control measures as necessary.

Erosion

Repair erosion areas with soil and revegetation as
necessary.

East Landfill Pond Water Sampling Only if seep treatment Sample only for If results indicate that water concentrations in the
‘ effluent exceeds effluent | constituents that East Landfill Pond are below the surface water
limits for more than three | exceeded the seep standards (RFCA Attachment 5, Table 1), no action
consecutive months treatment system effluent | is necessary. If the results indicate that )
limits concentrations in the East Landfill Pond are above
the surface water standards, the RFCA parties will
be consulted to determine if further sampling is
required, if the water in the pond can overflow the
East Landfill Pond dam from the existing spillway ,
or another water management strategy should be
applied. ‘

Groundwater Sampling Quarterly Increasing trend in Statistically significant changes in downgradient
VOCs and metals in versus upgradient groundwater quality and a
downgradient versus statistically significant increasing trend will require
upgradient RCRA consultation between the RFCA parties to

| groundwater monitoring | determine if changes to the remedy are required.
wells

Institutional and Visual inspection Quarterly Security and access Check signs, markers, and the overall condition of

Physical Controls

controls; and overall Site
conditions

the Present Landfill site to determine continuing
effectiveness of institutional and physical controls.




Final Interim Measure/Interim Remedial Action for the IHSS 114 and RCRA Closure of the Present
Landfill

. CERCLA five-year review reports;

. Correspondence between the agencies associated with modifications to the post-
closure care regime;

o The Memorandum of Undérstandihg (MOU) between DOE and the U.S.

Department of Interior (DOI) (identifying the controlling authority);
. The CAD/ROD; and '

. ‘The RFETS Historical Release Reports (HRRs) and other relevant historical
documentation.

This information will be maintained in the Administrative Record (AR) File. Currently,
the AR File is maintained on site. DOE is currently looking at options for retention of
permanent records following Site closure.

7.0 CONTROLLING AUTHORITY

Long-term protection of human health and the environment necessitates that a controlling

- authority be established with responsibility for post-closure management. CERCLA

mandates that DOE, as a responsible party, will retain responsibility for the
contamination at RFETS resulting from its activities there, as well as responsibility for
long-term maintenance of any remedies. The Rocky Flats National Wildlife Act of 2001
requires that, following certification by U.S. Environmental Protection Agency (EPA)
that the cleanup and closure of Rocky Flats has been completed, certain lands of the
current Site will be transferred from the Secretary of Energy to the Secretary of the
Interior. These lands would be under administrative jurisdiction of the USFWS. The Act
also requires the Secretary of Energy to retain administrative jurisdiction over certain real
property and facilities, including engineered structures required to carry out response
actions required for the cleanup and closure of the Site. The MOU currently being
negotiated between DOE and DOI will outline this process, although it is unlikely the
final boundaries of the land to be transferred will be determined until the final cleanup
and closure plans are approved. However, the Present Landfill cover identified in
Section 5.0 as the proposed action is an engineered structure and thus, will remain under
the administrative jurisdiction of the Secretary of Energy.

80 REPORTING REQUIREMENTS

Annual reporting to include data results, inspection results, repairs, and routine
maintenance will be required. These reporting requirements may be combined into one
report and possibly with future Sitewide maintenance and monitoring reports.
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Appendix C
Integrated Hydrologic Model for the Present Landfill at the Rocky Flats Environmental
Technology Site
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" Integrated Hydrologié Model for' the Presént Landﬁll

1.0 INTRODUCI' TON -

ThlS report summarizes development of an  integrated hydrologrc flow model: for the

;Present Landfill at Rocky Flats Environment Technology Site (RFETS or Site). In this
.section, the purpose of the study is presented first in Section 1.1, followed by the study

scope in Section 1.2, and finally the organization of the report in Sectron 1.3.

1.1 Purpose

The purpose of this study was to develop an integrated hydrologrc flow model that can be
used to better understand the surface and subsurface flow in the Present Landfill area.
There are many benefits of developing an integrated hydrologic model for the Present
Landfill. For example, integrated codes are capable of simulating all of the major landfill -
features in a physically more realistic fashion than single process codes. Previous

. .modeling efforts in the area relied upon single process codes, like MODFLOW, to
- simulate only groundwater flows.. However, MODFLOW does not simulate surface

flows, or unsaturated zone flows, that are important in determining system processes such
as groundwater recharge, which are mherently complex and spatrally and temporally

vanable

The integrated hydrologlc model developed in this study produces several types of output

that are useful in evaluating system flows. This should improve the understanding of the
integrated flow-behavior within the landfill system. Somé of the key output generated by
the integrated model include the followmg

¢ Spatial and ternporal distribution of groundwater ﬂov\_t rates and directions ,
(pathways); . -

e Lateral flows in Waste, unconsolidated rnaterial, and weathered bedrock;

o Lateral flows in unweathered bedrock;

R 'Spatral -and temporal distribution of water levels in unconsohdated material, and the

weathered and unweathered bedrock

. Temporal variability in key components of the water budget (i.e. evapotransplratron _

[ET], recharge, snowmelt, surface runoff, groundwater ﬂow and unsaturated zone
flow among others for any specrﬁed area) and

e Seepage rates and seep locations.

It should be recognized that the ability of the model to accurately predict any of the above
- system responses depends on the available data quality and quantity. It also depends on

the underlying complexity of the system, which may not necessanly be characterized
well using available data.
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1.2 SCOPE OF WORK : .
The modeling study includes three primary objectlves outhned below:

e DeveIOp an integrated conceptual and numeric hydrolog;c model of the Present

Landfill flow system;

" e Use the model to evaluate current integrated flow conditions, flow magnitudes, and a

general water balance for the Present Landﬁll system; and

. Use the model to sunulate hydrologic changes to the system using a hypothetrcal
landfill cover.

,The integrated model developed in tlus study follows the same general approach used to
develop the regional Site-Wide Water Balance (SWWB) model (K-H 2002a). Because

the Present Landfill model study area is much smaller than in the SWWB model, the

~underlying numeric grid resolution can be increased substantlally In this model, the
.- mathematical model grid is refined to a 50- by 50-foot size to more accurately simulate

smaller features such as the groundwater intercept system (GWIS).

1.3 Report Organization

*The main body of this report summarizes key steps in developmg and applymg the

integrated Present Landﬁll flow model, namely
o The study purpose, scope, and report organization are presented in Section 1.0.
e A brief background and study area are presented in Section 2.0.

o - Available Site data and their interpretation are presented in Section 3.0.

"o The integrated conceptual flow model is présented in Section 4.0.
o The general modeling approach is presented in Section 5.0.
. The numeric model input and-design is presented in Section 6.0.

o The integrated numerical-model performance is described in Section 7.0 (Model

p’erformance_includes calibration, validation, and sensitivity analyses).

e Development and results of a hypothetical scenario in which a landfill cover
modification is simulated are presented Section 8.0.

e Model development and results are summarized and conclusions aremade in Section.
9.0. - :
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2.0 BACKGROUND SITE DESCRIPTION

" This section provides a brief descnptlon of the Present Landfill area, mcludmg physical

features and historical operation. The information is taken from previous reports on the

study area, emphasizing the Operable Unit (OU) 7. Final Work Plan (DOE 1994) and

Draft Phase I Interim Measure/Interim Remedial Action (IM/IRA) Decision Document

‘and Closure Plan (DOE 1996). This background information provides a basis for
discussion of the hydrologic conceptual model described in Section 1.0. - ‘

2.1 . Study area

The Present Landfill is located north of the Industrial Area (IA) on the western end of No

Name Gulch (Figure 2- -1). The area selected for the modeling is approximately 210 acres

in size. The Present Landfill waste area w1th1n the modeled area is approximately 20

~acres. It is surrounded by natural terrain on the northern and western sides. To the south

are features associated with the IA, including the Property Utilization and Disposal

(PU&D) Yard. The Landfill Pond is impounded by a dam east of the Present Landﬁll
‘ and is approximately 2.5 acres in size. S

The study area boundary includes all of the features that may impact the-interpreted flow

" inthe Present Landfill system: The northern and western boundaries were defined to
include the surface water features of McKay ‘and Church Ditches. The southern boundary -
- ‘is the base of the surface water drainage for North Walnut Creek. The eastern model

boundary was set east of the landfill pond dam so that flows near the dam and

- .immediately downgradient of the dam in No Name Gulch were included in the model.

Figure 2-1. Present Landfill Study Area - Slte Map

(AT]“ACHED)

2.2 General Features and History

2.2.1 * Key Landfill Area Features

Site features that affect system hydrology of the model area are shown on Figure 2-1.
The features are briefly described below -and in more detail in Section 3.0.

Landf Il Trench System :

. The Landfill Trench System was placed around the northern, western, and southern sides

of the Present Landfill in 1974. It was a horseshoe-shaped trench, 24 feet wide at the
base, with 2:1 (horizontal to vertical) side walls, and varied from 10 to 25 feet in depth.
The GWIS, landfill clay barrier (LCB), and landfill drain (LD) were placed in the trench.
The relationship between these features is shown on Figure 2-3. The LCB is a 10-foot-
thick layer of lower-permeability material placed on the outer side of the landfill trench
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system, designed to reduce flow between the Present Landﬁll and surrounding materials.
The GWIS consists of a 1-foot-wide, vertically sloping sand and gravel filter blanket on
the outer side of the landfill trench. Around the majority of the Present Landfill, a ~

- perforated drain pipe was placed at the base of the filter blanket. The perforated pipe

drains to nonperforated pipes that discharge collected gr_oundwater to the former West

Landfill Pond, East Landfill Pond, or No Name-Gulch east of the landfill pond dam. The

LD consists of a 5-foot-thick layer of gravel backfill placed in the bottom of the Landfill
Trench System. The LD is approximately 12 feet wide at the base of the Landfill Trench

.System and was open at the eastern ends of the trench to discharge to the West Landfill

Pond. The remaining space in the trench was filled during landfill operations. The
trench has been completely covered during landfill operations.

North/South Slurry Walls

Two soil-bentonite slurry walls were constructed in 1982 to prevent groundwater o
migration into the expanded landfill area.  These slurry. walls are located to the north and
south of the eastern portion of the Present Landfill. The slurry walls are believed to be
tied into the LCB. The nonperforated section of the GWIS pipe crosses the slurry walls

“ through a section of ductile iron pipe. The slurry walls are beheved to penetrate the
. weathered bedrock zone.

Waste characteristics

" The landfill received numerch;s solid waste streams from operations at ‘RFETS. The
. waste was delivered to the landfill during the day, spread and compacted, and then

covered daily with soil. At the time of the Phase I investigation, soil cover material used

" in the landfill was obtained from Rocky Flats alluvium at a location outside the Present

Landfill,

Base of Landfill

The landfill was started at the western end of No Name Guich. The base of the gulch was
covered with onsite soil from a borrow area to a depth of 5 feet and approximately 20 feet
in length across the channel to begin landfilling operations in. 1968 (Rockwell 1988). h
The landfill appears to-sit on native soil of varying thickness in most places and on
weathered bedrock elsewhere. 4

‘West Landfill Pond

The LD drained to the West Landfill Pond. This was a temporary impoundment,
approximately 0.5 acre in size. This area was covered by landfill expansion in May 1981.
According to the 1988 Landfill Closure Plan (Rockwell 1988), the west embankment and

pond were removed during landfill expansion.
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, ,Seep

~ “Water from the landﬁll hlstonca]ly discharges as a seep at the base of the eastern face of _
the landfill. This locatton is known as surface water sampling locatlon SW097

East LandﬁII Pond Dam _
An engineered dam structure with a spillway is present in No Name Gulch east of the

Jandfill. This structure was constructed in 1974 with a low-permeability clay core keyed

into bedrock

Current East Landﬁll Pond

A pond stores accumulated water to the east of the landfill. The pond is approximately .
- .2.5 acres in size and is managed to ‘maintain approximately 75 percent of capacity (5.5
' ,mlllton gallons). The water was historically disposed of by spray evaporation to the

north and south of the pond area.. Since 1995; excess pond water has been handled by
pumpmg to the A-Series ponds in the RFETS system. Any references to the landfill pond
in this report refer to the East Landfill Pond unless specifically noted otherwise.

Natural Systein

“The natural system cons1sts of unconsohdated surficial, material overlymg weathered

bedrock. The surficial material is vegetated with precxpxtatlon and ET being the

- dominant water balance components (K-H 2002a)

- Surface Routing

A surface water diversion ditch is located just outside the landﬁll fence and follows the
fence perimeter on the northern and southern sides of the landfill. The ditch eventually

-disch'arges to drainages of No Name Gulch below the East Landfill Pond.

McKay Dttch

McKay ditch lies northwest of the Present Landﬁll Tt is used intermittently by the Cxty
of Broomfield to transport water to the Great Western Reservoir east of RFETS.
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‘Figure 2-2. Present Landﬁll.Featyfes .

(ATTACHED)

_Figure 2-3. Generalized Landfill Trench System; (Rockwell, 1988)

_(ATTACHED)

2.2.2 Brief Site History _
The history of the Present Landfill area has been described in detail in various documents

:(Rockwell 1988; DOE 1994; DOE 1996). From these reports, significant landfill
modifications that likely impacted the system hydrology are as follows:

e 1968 — Landfill operations began.

. ‘1974 Interim response action mvolved constructlon of the Landﬁll Trench System,
landfill ponds, and surface water diversion ditch. ' - .

. 1978 to 1981- Eastward expansnon of the landﬁll covered the West Landfill Pond
area. :

. 1982. - North and South sluny walls were constructed along the eastern expansxon of -
the landfill. : ’

o 1985 to 1990 — Asbestos was disposed in pits east of the landfill.
e 1993 — The landfill surface was regraded and reseeded.
. 1996 The initial treatment system was mstalled for the SW097 seep.

+ 1998 — The landfill waste dxsposal ceased and landﬁll was placed in contmgent

closure status.”

. e 1998 - The landﬂll cover was reseeded

The 1974 interim response action resulted in the largest subsurface modification of the
landfill hydrology. The action was undertaken in- 1974 to control the generation and
migration of landfill leachate. This action included construction of a surface water
diversion ditch around the perimeter of the landfill, two detention ponds immediately east
of the landfill, and a horseshoe-shaped trench around the current perimeter of the landfill.
The trench included a subsurface GWIS for diverting groundwater around the landfill, a
LCB between the waste and the natural system, and a subsurface LD.

The other major subsurface modification at the landfill was the installation of the north
and south slurry walls in 1982. These soil-bentonite slurry walls were constructed to
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prevent migration of groundwater into the expanded landfill area as the landfill expanded
eastward

3.0 AVAILABLE SITE DATA/DATA INTERPRETATION

‘This section provides a brief descnptlon of the available data on the Present Landﬁll area.
“An interpretation of the data, as it related to constructing the site conceptual model and
mumeric flow model is included. :

Climate, topography, geology, hydrogeology, vegetatron and hydrology are descnbed in

.Sectlons 3.1 through 3.5.

3. 1 Chmate

‘The RFETS climate is temperate and semland characteristic of Colorado’s Front Range
. The dry atmosphere of the Site at 1,830 meters () elevation above mean sea level -
(MSL) often causes wide temperature fluctuations between daytime and nighttime.

Summer high temperatures are typically in the upper-20 degrees Centigrade (°C), with
nighttime lows falling to approximately 16°C (EG&G 1993). During the winter,
temperatures typically range from 4°C to 7°C during the day and -9°C to -4°C at night.
Arctic and Siberian air masses occasionally bring frigid air during the winter when low
temperatures may drop to between -21°C and -24°C (EG&G 1993).

The average annual precipitation, based on 30 years of record, is approximately 368
millimeters (mm) (DOE 1995). Data obtained from the Site meteorological station for
the SWWB showed an annual precipitation range of 262 to 549 mm. Roughly half of the
precipitation occurs as rain and balf as snow, with prec1p1tatxon fallmg primarily as snow
from late October through early April, and as rain during the reinaining months (RMRS .
1997). Annual snowfall averages approximately 1,778 mm, with the highest monthly
snowfall average (approximately 406 mm) occurring in March (EG&G 1993). Rainfall is
highest from April through June, with nearly 42 percent of the average annual

- :precipitation occurring during those months (EG&G 1993).

:3.1.1 Evapotransplratlon and Meteorologlcal Data
Precipitation, temperature; and wmd speed from the Site meteorological station for the

calendar years 1993 and 1994 were obtained from the Site records. These data were
obtained because the landfill wells were removed in 1995. In order to calibrate the model
to actual landfill groundwater level data, it was necessary to obtain climate data for the

.period for which groundwater records exist. These data were recorded at 15-minute
‘intervals at a height of 10 m. The data were reviewed for gaps. Minor data gaps were

filled by interpolating between adjacent recorded data. The major data gap was for
temperature (approximately 80 percent of the 1993 record). - This temperature gap for -
1993 was replaced with daily minimum and maximum temperatures from the Boulder,
Colorado, National Climatic Data Center (NCDC) weather station. A daily temperature
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.cycle was synthesrzed from the minimum and maxxmum temperatures for the rmssmg 15-
mmute data. : - :

R ‘Potentlal evapotranspiration (PET) was calculated using daily minimum and maximum
- temperature, average wind speed, and precipitation. The REF-ET Program (Allen 2000)

-was used to calculate the PET for a grass reference crop. The PET calculation used the
‘Food and Agricultural Organization (FAO56) version of the standard Penman-Monteith
equation. This program Wses different assumptions for calculating PET, depending on the
limitation of the input. For the 1993 and 1994 climate data, the output was a daily PET
amount that was distributed at two-hour intervals for model input. The PET calculated

" for the SWWB (K-H 2002a) was used for the 1995 modeling period. The PET for the

Water Year (WY) 2000 was recalculated using the SWWB meteorologrcal data usmg the
same methodology as used for the 1993 and 1994 data

3.1.2 Temperature Data

Temperature data were used to calculate snowmelt The numerical model uses a simple.
degree-day method to determine the rate of snowmelt. Fifteen-minute data were

available for the 1994 period and from the SWWB for the 1995, WY2000, and WY2001
periods. For the part of the 1993 period with only minimum and maximum temperatures,

adaily temperature cycle was constructed for the missing 15-minutes of data.

3.2 Topography

Landfilling operatxons changed the topography of the Present Landfill area continuously
until operations ceased in 1998. The 1994 topography from the Site Geographic -

“Information System (GIS) was used for the initial modeling period. This fixed -

topography reflected the topography during the modeling period. It was assumed the

. topography changes through the modeling period were relatively minor compared to the
. scale of the landfill model. A revised topography from 1999 (Earth Tech 2002) was used

'to simulate the present conditions. The changing topography during the initial model
simulation period was accounted for when’ necessary in evaluating the groundwater
depths.

3.3 Geology and Hydrogeology

RFETS is situated approximately 2 ‘miles east of the Front Range of Colorado, on the
western margin of the Colorado Piedmont section of the Great Plains Physiographic
Province (Spencer 1961). The surface cover is composed of a.series of coalescing
alluvial fans developed during the Pleistocene. The Present Landfill is located near the
.eastern extent of the alluvial-fan deposits. Dissection of the gravel-capped pediment has -

".occurred.by headward erosion and planation along eastward-flowing streams and their

tributaries. The Present Landfill is located in No Name Gulch at the western limit of
headward erosion and pediment dissection. Waste material has been placed on top of the
modified gulch surface and fills the gulch to the top of the pediment at approximately
6,000 feet. Some waste material is mounded above the top of the pediment, especially
near the center of the landfill.
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Geologlc units at RFETS can be grouped into two general categones unconsolidated
suificial deposits and underlying consolidated bedrock (RMRS 1999). Brief descriptions

* - of major geologic units and hydrogeology at the Present Landfill are provided below.. .
Additional detail is provided in the Technical Memorandum - Final Work Plan Operable = -

Unit 7 (DOE 1994), Hydrogeologic Characterization Report for the Rocky Flats

- . Environmental Technology Site (EG&G 1995a), and Appendix A of the Geologic |
‘Characterization Report for the Rocky Flats Environmental Technology Slte (EG&G

1995b).

. Arange of Asa.t'uréted hydraulic conductivity Qalues have been determined fdr materials at
-~ the Present Landfill and elsewhere at RFETS. The saturated hydraulic conductivity
* .values from the OU#7 Phase 1 mvestlgatlon (DOE 1994) and the SWWB (K-H 2002a)

are summarized in Table 3-1.

Table 3-1. Saturated Hydraulic Conductivity Values

" . (ATTACHED)

3.3.1 Unconsolldated Surficial Deposnts

-'At the Present Landfill, surficial depos1ts include Rocky Flats alluvium, Quaternary
" colluvium, artificial fill, and valley-fill alluvium (Figure 3-1). The Rocky Flats alluvium

caps the divides north and south of No Name Gulch. The Rocky Flats Alluvium is 5 to

10 m thick on the northwestern, western, and southwestern sides of the landfill and 3 to 5
. m thick on the divides north and south of the East Landfill Pond. Colluvium covers the
- valley slopes between the piedmont on which the Rocky Flats Alluvium is deposited and

the No Name Gulch drainage or the East Landfill Pond. The colluviumis 0.3 to 1.5m

* thick on the slopes around the East Landfill Pond and below the dam. Valley-fill

alluvium deposits in the No Name Gulch drainage downstream of the East Landfill Pond
are 1 to 3 m thick in the landfill area and become thicker downstream to the east (F igure -

32

' The unconsohdated surficial deposits are the most permeable-natural matenals atthe

Present Landfill area. The geometric mean hydraulic conduct1v1t1es include 2.5x102 °
centimeters per second (cm/sec) for valley-fill alluvium, 1. 6x10™ cm/sec for the Rocky

Flats Alluvium, and 9x107 cm/sec for the colluvium (Table 3-1).
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Figure 3-1. Surficial Geology Distribution

(ATTACHED).

Figure 3-2. Unconsolldated Matenal Thlckness with Model Grid

" (ATTACHED)

‘ '3.3 2 Consolldated Bedrock Deposns

Bedrock from the Arapahoe Laramle Fox Hrlls and uppermost ¢ Cretaceous Plerre | _
' Formations are present at RFETS (EG&G 1995b). At the Present Landfill, bedrock

unconformably underlies the surficial deposits. Only the weathered portions of the

- Arapahoe Formation transmit significant groundwater flows (K-H 2002a). However,
_ both the weathcred and unweathered bedrock are included i in the Present Landﬁll model

The weathered and unweathered bedrock surfaces were interpreted for this model usmg :
logged geologic contacts from numerous sources, mcludmg

‘o The Site-wide 14-well master list;

The 1974 Landfill Renovation Report (Zeff, Cogorno_,'and Sealy 1974); .

‘e The 1977 Landfill Expansion Report (Lord 1977);

e The 1982 slurry wall installation drawings (included in DOE 1994); and

~ o The Conepehetronieter testing (CPT) data from the Phase I Remedial Invesﬁgation

(RI) (DOE 1994).

This data compilation and interpreted surfaces are more complete than any prevrously

‘reported for the Present Landfill area. Depths to the weathered bedrock were reviewed.
‘and corrected for ground surface changes in the landfill area. A depth to the top of the
~weathered bedrock surface was then constructed using Arcview Spatial Analyst. The-

weathered bedrock surface elevation was determined by subtracting the depth to
weathered bedrock from the ground surface elevation. The interpreted weathered
bedrock surface and control points are shown on Figure 3-3.

_ A similar procedure was used to create an unweathered bedrock surface. The interpreted

unweathered bedrock surface and control points are shown on Figure 3-4.
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" Figure 3-3. Surface of Weathered Bedrock on Model Grid

(ATTACHED)

Figure 3-4. Surface of Unweathered Bedrock on Model Grid

(ATTACHED)

The Arapahoe Formation is generally less than 8 m (25 feet) thick at the Site, occurring -
as claystone and silty claystone with lenticular sandstone in the-basal portion of the
formation (EG&G1995 _) Mean weathered bedrock conductivities were 2.8x10™ cm/sec

cm/sec for claystones for the SWWB. The OU#7 Phase I
mvestlgatlon reported a geometric mean for undifferentiated weathered bedrock of
4 4x10 co/sec (Table 3-1). '

. Be]ow the Arapahoe Formation, the unweathered Laramie Formation is approximately
180 to 250 m (600 to 800 feet) thick. It is.composed of an upper, thick claystone interval
. and a lower sandstone/claystone/coal interval. The claystones with low hydraulic
conductivities inhibit downward groundwater flow. Shallow groundwater is instead
" directed laterally along the surface of the unweathered bedrock surface. Beneath the
unweathered Laramie Formation is the regional Laramie-Fox Hills aquifer. A U.S.

Geological Survey study and a separate, peer-reviewed Site investigation both mdxcate

‘this aquifer will not be 1mpacted by RFETS activities because of the low permeability of
- the overlying Laramie Formation (RMRS 1996). The Laramie-Fox Hills aquifer is
- approximately 200 to 300 m (650 to 1,000 feet) below the Site. Below the Laramie-Fox

Hills aquifer is the 2,300 m (7,500- foot) thick Pierre Formation that acts as the aquifer’s
lower conﬁnmg layer. The thick marine shale of the Pierre Formation subcrops only in
the extreme western part of the Site (RMRS 1999).

Subcropping, fine-grained Arapahoe sandstones were only 1dent1ﬁed at one well -

-.downgradient of the East Landfill Pond (DOE 1994). Due to the limited extent;
 continuity, and definition of the Arapahoe sandstones in the Present Landfill area, the

Arapahoe sandstone was not exphcltly included i in the modeling.

333 Waste and Artificial Fill

The central feature of the Present Landfill is the artificial fill, mamly landfilled waste
material present in the approximately 20 acres of the Present Landfill area.

Landfill operations began in 1968 with the western end of the drainage channel being |

filled with onsite soil from a borrow area, to a depth of 5 feet and approximately 20 feet .

in length across the channel (Rockwell 1988). Waste material delivered to the site was
spread across the current work area, compacted, and covered with soil. At the time of the
Phase I investigation (DOE 1994), soil cover material stockpiled and used at the landfill
was Rocky Flats Alluvium. The total volume of landfilled material was estimated at
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approxxmately 415,000 cubic yards with approxunately 30 percent of that volume being

' the daily soil cover (DOE 1994)

' A map showing the interpreted base of the landﬁll was generated (DOE 1994) usmg

- borings and CPT data from the Phase I investigation (Figure 3-5). This map was scanned
. :and digitized and then combined with the elevations of the base of the landfill trench to
" establish 2 model base of the landfill. The thickness of the waste and interim cover

material ranges from approximately 1 to 15 m, with the fill thickest near the centerline of
the valley and thinnest around the perimeter of the landfill. The mterpreted waste
thickness is shown on Figure 3-6. '

Othe_r artificial fill material in the Present Landfill area are materials used to construct the
GWIS, LCB, LD, and Landfill Pond Dam. The GWIS, LCB, and LD were all covered
during landfill operations. Asbestos was disposed of in pits east of the main landfill.

* This area is included in the total landfill area. Additional artificial fill in the study area
- includes the shootmg range and excavated materials from McKay Ditch.

Repprted geometnc mean hydrauhc conductivities from the OU#7 Phase I mvestxgatlon
for the waste material and underlying unconsolidated material were 3.7x1 07 cm/sec.

- Literature values for municipal solid waste range from 1 5x1 0'4 to 2.0x1 0'2 cm/sec (Table
. 3-1)(Qianetal. 2002). : '

Figure 3-5. Base of Landfill (from DOE 1994)

(ATTACHED)

Figure 3-6. Interpreted Waste Thickness

(ATTACHED)

3.34 ‘Structure -

A possible fault was inferred in the Present Landﬁll area dunng the Site-wide Geoscience

‘Characterization Study (EG&G 1995a). The inferred fault trends northeast-southwest
and lies east of the landfill face near the edge of the East Landfill Pond. The fault plane
dips to the west. The surficial deposits were not offset, suggesting that movement had
not occurred since their deposition (EG&G 1995a). This structure is not likely significant
to groundwater flow near the Present Landfill based on groundwater levels and the lack

.of offsetting in the more permeable surficial dep031ts

34 Vegetafion

The Site’s topography and close proximity to the mountains support a unique, diverse
array of prairie and foothills plant communities that have been extensively characterized
in multiple studies (K-H 1997a; 1997b; 1997¢) and mapped in detail. Vegetation is.an
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. importanit component of the Present Landfill study because of the impact that ET has on

net infiltration reachmg the water table and hence. the water balance. Spec1ﬁc plant

' communities present in or near the Present Landfill include mesic and xeric mixed

grassland, disturbed areas (developed or barren land) short marsh, wet meadow, and

~wetlands. The most significant plant communities in the study area include:

o The xeric tallgrass prairie;

- » The mesic.mixed grasslands east of the landfill pond dam, upon which the reseeding .

of the landfill is based; _
¢ Annual grass/forb community'aroux'ld the landfill;

e Dlsturbed areas or barren land due to the continuous earthmovmg at the landfill.-

Plants have little opportunity to germmate grow: or establish in these areas;

o The Great Plains riparian community, mapped as rlpanan (stream channel) woodland
and shrubland, found along streams. Cottonwood trees and willows predommate in
this plant community; and : :

o Wetlands present-around the East Landfill Pond, No Name Gulch, and McKay
Bypass Canal. This is a combination of areas descnbed as wet meadow, short marsh,

. and+tall marsh.

The distribution of the various vegetation types used for the calibration model is.shown
on Figure 3-7. Following placement of the landfill in interim closure status in 1998, the
landfill area was reseeded. The selected seeding mix is most similar to the natural mesic
mixed grassland with- very good health and vigor (K-H 2002b)

Figure 3-7. Vegetation Distribution

(ATTACHED)

35 . Hydrology

~Subsurface and surface water hydrology are descnbed in thls section.

{

3.5.1 Subsurface Hydrology

The saturated flow system is understood using groundwater well information. There are

two principal ways in which the data can be evaluated to assess the groundwater flow

response. The first is by interpolating groundwater well data to establish groundwater

flow directions. The second is by evaluating the temporal response of the groundwater

well data. Groundwater well locations used in this study to evaluate the flow conditions
are included on Figure 3-8. Different colored symbols depict the screened formation. For
example, “alluvium” means the well is screened entirely within the alluvium, “bedrock”
means entirely in the bedrock, and “alluvium/bedrock” indicates the well is screened

April 2003 ' 3.7

-




/3%

Integratéd Hydrologic Model for the Present Landfill

' cross-formatlon Yellow tnangles in sorne of the wells mdncate these are wells in whlch

data are avaxlable from 1993 through mid-1995 (calibration period). All wells within the

‘waste were abandoned shortly after 1995. As a result, the 1993 to mid-1995 time penod
is particularly useful in tenns of evaluating waste-specnﬁc groundwater flow

characteristics.

Figure 3-8. Grouhdwate_r Well Locations

(ATTACHED)

. Potentiometric Groundwaier Surféce

Developlng a potentiometric surface within the landfill area requires that an adequate

_spatial distribution of well'data points is.available. Temporal analysis indicates that
. water levels vary significantly over the year, but measurements are not synchromzed in
‘txme As aresult, accurate definition of potentiometric surfaces at a.given point in time

are not possible with the available data. Average annual water levels were calculated at ~

.each well point and used to interpolate an approximate potentiometric surface. Results
. are used for initializing the flow model and generally show that the water levels closely
. ‘'mimic regional surface topography and the weathered bedrock surface.

. Temporal Groundwater Response

The temporal response of groundwater depths with time were evaluated. Seven well sets,

"each consisting of at least four wells are identified on Figure 3-9. The well sets were

installed to monitor effects of the north and south slurry walls (two-well sets), while the :
five sets to the west momtored effects of the trench system and are located across this

feature.

_ Figure 3-9. Trench System Groundwater Well Locations

(ATTACHED)

" The temporal response of water depths in groundwater wells installed with waste is.

summarized on Figure 3-10. Two key observations can be made from these data. First,
groundwater depths are generally greater than external, “natural” system wells. The .

- second is that the well response generally shows much less variability than external wells.
~ This reflects a “dissipated” recharge response (April period), characteristic in deeper
- groundwater wells (i.e., due to deeper unsaturated zone). It also suggests that the -

recharge/ET response charactéristic of external “natural-system” wells may be damped
due to the waste area landfilling techniques (i.e., alternating lifts of waste and then fill

. material). Some wells, such as B106089, exhibit notable sampling “lag” effects, while

other wells, such as 72093 and 72393, show several discontinuities where depths increase
notably over a short time period. This is due to topography changing over time and well
casing adjustments (additions). Finally, well 6487 is likely almost entirely isolated from
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. surface response as its water level continuouisly and smoothly declines with time. All
- waste wells,.except 6487, appear to exhibit some recharge response to the large spring
.preclpltatlon events in 1995 ,-indicating they are not entirely isolated from surface
g 'recharge .

‘Figure 3-10. Waste Groundwater WeIIA Respdnse

(ATTACHED) |

Groundwater well response near the north (wells 393, 6787, and 6887) and south (wells
B206389, 493; 7287, and B206489) shurry walls is summarized on Figure 3-11. Both sets
of wells exhibit notable seasonal variability, with depths ranging from 2 to 5 feet. Again,

‘water levels rise shortly after spring precipitation ¢vents, generally around April. The
recharge response is likely due to low:PET rates and a series of precipitation events. This -
“may be enhanced by snowfall with high water contents. The high seasonality evident in,
- groundwater levels masks any lateral flow adjustiments caused by the slurry walls,

although interior wells (waste-side) exhibit slightly lower depths than exterior wells,
which is an expected response to the slurry walls

. Figure 3-11. Slurry Wall Groundwater Well ReSpqnse'
 (ATTACHED) S S L

- Groundwater well responses along the northeastem and northwestem GWIS are
illustrated on Figure 3-12. As with other nonwaste wells, groundwater level variability
. exhibits notable annual recharge response. In both well sets, the waste wells (6387, 6287,
71493, and 71193) exhibit annual recharge variability, although it is not as pronounced as
" neighboring external wells. These data do not suggest that there is any hydraulic ‘

connection between external wells and waste wells, only that their response is sensitive to

direct recharge. This is further supported by rapid recharge responses rather than lagged
response, which suggests the mﬂuence of lateral inflows.

Figure 3-12. GWIS Groundwater Well Response (North)

(ATTACHED) -

~ ‘Well responses located at the western end of the trench are summarized on Figure 3-13.
. ‘Bedrock wells in this area (70593.and 986) show clear signs of sampling-recovery effects
~ (i.e., groundwater depths increase sharply but slowly decrease to ground surface). Waste
-well B106089 shows relatively deep levels with only limited annual recharge response to

the 1995 event. All other external alluvial well depths are shallower and show consistent
annual groundwater recharge responses, similar to other external well set responses.
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Figure 3-13. GWIS Groundwater Well Respohse (West)

‘(ATI‘ACHED) ~

. Southwestern well set water depth responses are summarized on Figure 3-14. The S
_ external bedrock well 70893 exhibits typical sampling-recovery effects due to the low’

hydraulic conductivity of the weathéred bedrock at this location. Waste well 71693’s
annual recharge response is similar in magmtude to that of external alluvial wells 71893

-and 70693, but exhibited a slight lag to maximum water level in 1994 probably due to the

greater groundwater depth of 71693. The lower plot shows groundwater elevatlons

" which suggest an inward flow directed toward the landfill.
Figure 3-14. GWIS Groundwater Well Res_ponSe (Southv'ves't) .
" (ATTACHED) | I

-Gfeundwater depths.for the southeastern GWIS well set are summerized on F igure-3-15.

The shallower waste well in this set, 6487, exhibits a lack of sensitivity to recharge and is
slowly draining over a thrée-year period. Adjacent bedrock well B2061 89 appears to

register a similar recharge response as the alluvial wells; however its depth is greater

(approximately 20 feet) and its variability is greater. Over one year, it is not possible to -
assess whether this is accurate, although external bedrock well B206289 shows a similar

depth and response magnitude. The waste wells appear to be isolated from the consistent -
-annual recharge response exhibited in external wells 6687, 597, and 6587. Itis
‘mterestmg to note that none of the wells closest to the trench centerline exhibit any

dampmg effects caused by p0331ble dram effects in this area.

thure 3-15. GWIS Groundwater Well Response (Southeast)

(ATTACHED)

Landf ill Trench System

The Landfill Trench System was placed around the northern, westem and southern sides
of the Present Landfill in 1974. It was a horseshoe-shaped trench, 24-feet wide at the
base with 2:1 side walls, and varied from 10 to 25 feet in depth. The GWIS, LCB, and
LD were placed in the trench. The remaining space in the trench was filled during

-Jandfill operations. A side view of the landfill trench and the spatial relationship of’ the

varying components is shown on Figure 2 3.

The Landfill Trench System and its components provide a hydraulic barrier to
groundwater flow in to and out of the landfill. The GWIS and LD will tend to depress
groundwater levels due to the higher hydraullc conductivity of the features if they are

functioning properly.

April 2003 ' 3-10




Integrated Hydrologic Model for the Presént Landfill

As-built drawings show the highest trench invert elevatlon near well 5987 at the western
end of the trench. The trench inverts slope to the east with a 1 percent grade. A portion
of the southern side of the trench has a 2 percent slope. The eastern portions of the
trench, where the trench discharged to the former West Landfill Pond had steeper slopes
of up to 10 perceént grade.

 Landfill Drain | | |
" The LD consists of a' 5-foot-thick layer of gravel backfill placed in the bottom of'the

Landfill Trench System. The LD is approximately 12 feet wide at the base of the trench

'system and was open at the eastern ends of the trench to discharge to the West Landfill
. Pond. The LD tends to depress groundwater levels and route flow along its path by
: provrdmg a preferential ﬂow path

'Clax barrier

The LCB is a vertically sloping (2:1) barrier of lower-permeability material placed on the

. outer side of the Landfill Trench System. It was designed to reduce flow between the
. Present Landfill and surrounding materials. . The as-built drawing of the typical landfill
. trench section and ‘the interpretation of the landfill trench shown in the 1988 closure
' documient (Rockwell 1988) indicate the barrier was built of clayey silt or sandy clay and
had an approximate horizontal width of 10 feet. The LCB channel flow-to the GWIS and

LD. It provides a physical barrier to horizontal flow even if the GWIS or LD is not
functioning. . _
GWIS Drain- (Perforated and Nonperforated)

The GWIS consists of a 1-foot-wide, vertlcally sloping sand and gravel filter blanket on
the outer side.of the Landfill Trench System. This higher-permeability filter blanket

provides a preferentlal flow path along the LCB, toward the perforated GWIS drain pipe.
Around the majority of the Present Landfill, a perforated drain pipe was placed at the
“base of the filter blanket. The perforated pipes then attached to nonperforated pipes that
‘may discharge the collected groundwater to the West Landfill Pond, East Landfill Pond,
* "-or No Name Gulch east of the landfill pond dam.  The GWIS appears to be intersected by .-

both the north and south slurry walls. At the intersection the existing drain pipe was
replaced by a ductile iron pipe that was encased in concrete. The only hydraulic

connection of the GWIS across the landfill slurry walls is through this duct1le iron pipe

‘connection.

The GWIS discharge points to No Name Gulch east of the landfill pond dam aré surface
water sampling stations SW099 and SW100. During the Phase I field investigation,
intercepted groundwater was presumably discharged into the East Landfill Pond rather
than No Name Gulch (DOE 1994). A review of the Soil Water Database (SWD) data
available on these discharge points showed only two blank entries for flow rate from
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SW099 and no ﬂow rate entnes for SW100. The dlscharge points into the East Landﬁll
Pond are not visible from the surface (DOE 1996).

Flow rates for the GWIS are not currently quantrﬁed Any current discharge goes to-the
East Landfill Pond either by. direct discharge or by flow from the landﬁll mass if the
GWIS discharges to the former West Landﬁll Pond

Waste Characteristics

" The distribution of landfill waste material is described in Section 3.3.3. The landfill

‘waste material includes a mixture of clay, sand, and gravel containing asphalt, concrete,

.. insulated wire, wood, paper, plastic, rubber, metal; construction ribbons, surgical gloves,

saranex suits, and other materials associated with landfilling activities (DOE 1994).
Additionally, there are two pits approxiinately 10 feet deep on the eastern portion of the
landfill that contain asbestos-containing material which was placed in heavy plasnc bags

..and covered with soil when the pit became full.

: Geologlc units beneath the landfill waste consist of a thin covering of colluvrum on the
hillsides and valley-fill alluvium in the No Name Gulch drainage (DOE 1996). The

underlying material has also been described as clay, sand, and gravel fill material beneath
the waste (DOE 1994).

Landfill Seeps

There is a seep at the base of the eastern face of the landfill (SW097) that discharges into
a treatment system. Flow from the seep has been estimated varying ways, with the best

- data available since the installation of the passive aeration treatment system. Reported

flow rates in the seep vary. The range of reported values was 0 to 6.7 gallons per minute
(gpm). Values of 24.7 and 26.9 gpm are believed. to be erroneous. The average historical

- flow rate for measurements from 1988 to 1990, after discarding two measurements

believed to be erroneous, was 2.5 gpm (DOE 1994). The reported seep flow rate during
the Phase I investigation was 0.01 to 0.02 cubic feet per second (cfs) (4.5 to 9.0 gpm)
(DOE 1994). Based on seep flow measurements taken between 1998 and 2001, the four-
year average flow was 2.6 gpm, the average flow during the wettest year (1998) was 3.2,
gpm and the average flow rate during the wettest month of the period (June 1999) was
3.7 gpm. Although 1995 was the wettest year in recent history, there are no ﬂow records

available for this year (Earth Tech, 2002)

An intermittent seep has been observed north of SW097 on the hillside just below the
north asbestos-disposal area. This intermittent seep is most likely caused by saturated
materials related to storm events. Heavy surface water runoff has been observed in this
area following storm events. Recent slumpshave also been observed in this area (DOE

1996a).
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Former West Landf il Pond .

'I'he LD discharged to the West Landfill Pond. Thrs was a temporary 1mpoundment
approximately 0.5-acre in size. This area was covered by landfill expansion in May 1981.
According to the 1988 Landfill Closure Plan (Rockwell 1988), the west embankment and -,

', pond were removed during landfill expansion. The former pond area received the LD
' drscharge and the topography concentrated flow in this area.

'East Land[fill Pond Dam | ' ‘ . ' . |
- An engineered dam structure w1th a spxllway is present in No Name Gulch east of the ' '

landfill. This structure was constructed in 1974, with a low-permeability clay core keyed

_into bedrock. The dam design drawmgs and geologic interpretation (DOE 1994) indicate

that the dam core was keyed in the upper portion of the weathered bedrock at.the dam

location. It does not appear from these sources that the dam core was keyed all the way

through the weathered bedrock.

B North/South Slurry Walls

Two soil-bentonite slurry walls were constructed in 1982 to prevent groundwater -

‘migration into the expanded landfill area.  These slurry walls are located to the north and

south of the eastern portion of the Present Landfill. The slurry walls are believed to be

tied into the LCB. The GWIS pipe crosses the slurry walls in'a section of ductile iron
‘pipe. The slurry walls are believed to enter the weathered bedrock.

53 5.2 Surface Hydrology

This section describes the surface hydrology features near the Present Landfill, namely
the East Landfill Pond, McKay Ditch, and surface routing.

East Landfill Pond

The East Landfill Pond was formed by the landﬁll pond dam The pond has a spillway
“elevation of 5,921 feet above MSL and a 100 percent capacity of 7.5 million gallons.
" The landfill pond level is controlled to maintain the pond volume at approximately 75 .
' ‘percent capacity (5.5 million gallons) 'Historically, the water volume was controlled by

spray evaporation, which ceased in 1994. Since spray evaporation ended, pond volumes
are controlled by pumping the pond water to the A-Series ponds onsite. Pumping
transfers have typically occurred up to three times per year and involved up to 7.5 million

:gallons per year. The pond receives overland runoff from parts of the landfill and the

surrounding terrain.

‘Reported pond levels for the perrod 1992 to 2001 are e shown on Figure 3-16. The pond

levels-show rapid response to precipitation events or dlscharge events in the range of 1 to
2 m. During other periods, the pond levels gradually rise. The pond receives flow from
the SWO97 seep, surface water runoff, and potentially groundwater inflow. The pond
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- loses water from evaporatxon ET of surrounding vegetatxon pumpmg dlscharges and

leakage to the groundwater system.

' Figure‘3-16. Present Landfill Pond Levels
{(ATTACHED)"

* McKay Ditch : :
" The McKay Ditch is located northwest of the Present Landfill. It flows mterrmttently and

does not appear to affect groundwater at the Present Landﬁll

Suiﬁzce Routing .

A surface water diversion ditch was constructed around the perimeter of the landfill in
1974 to dlvext surface water runoff around the landfill. The diversion ditch is 2 to 3 feet

~_deep and 5 feet-wide at thie bottom. The ditch is trapezoidal in shape and the slopes and
- floor of the ditch are composed of sparsely vegetated native soil material (DOE 1996).
‘The diversion ditch discharge ultimately goes into No Name Gulch below the Present

Landfill dam. This ditch does not flow consistently and no flow data were found.
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| 4.0 CONCEPTUAL MODEL FOR THE INTEGRATED FLOW SYSTEM

' The model boundary and key features of an integrated conceptual flow model of the
‘Present Landfill flow system are described in this section. Important features and flow
processes within the study area are discussed. It is important to recognize that limitations
'in'the current understanding of how the system operates require that basic assumptions be

.inade. This effectively translates into uncertainty in the conceptual flow model. For

. .example, the GWIS drain does not discharge, or discharge to locations, as designed. As -

- such, certain assumptlons are necessary to define a conceptual flow model. This model

represents only one possible conceptualization of flow within the system and others may

* be more realistic. Nevertheless, conceptual flow models are typically evaluated during
‘model calibration, and this information is then used to iteratively revise the -

conceptuahzatlon

. Basic features of the integrated conceptual model developed for the Present Landfill = .
. system are included on Figure 4-1. Different model structures are identified to define the
. -underlying surface and subsurface hydrogeologic framework -and hydraulic properties '
. that control flow in the Present Landfill system. For example, the surface topography is

‘the main structure controlling overland flow; channel profiles and streambed topography -

" define the stream flow network and hydrostratlgraphy defines the subsurface flow

: ‘»structure
Figure 4-1. Conceptual Flow Model Components
, ,_ Con‘ceptuai Flow C
\ . -
Hydrologic . | | Model Structure Hydrologic
Stresses [ ” ' [ Responses

- The model] structure is acted upon by different external hydrologlc stresses that in tum ‘
-produce different hydrologic responses. The term hydrologic stress is used instead of

more traditional terminology such as “boundary conditions” to emphasize that important

.internal processes are not simplified in a fully integrated model. Hydrologic stresses in

the Present Landfill model include: (1) precipitation (rain or snowfall); (2) potential ET;
and (3) temperature. These stresses vary temporally over the model area, but are
assumed to be spatially uniform given the relatively small mode] area.

The ‘combined effect of external stresses acting on the model structures produce several
hydrologic responses. Responses occur as changes in flows, or system pressures within
the surface or subsurface flow systems. For example, as precipitation reaches the ground

“surface, it begins to infiltrate. If the precipitation intensity is high enough, or soil is

saturated from below, water ponds at the ground surface. Under these conditions,
overland flow occurs. It can concentrate and become channelized.
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Within the unsaturated zone, moisture contents adjust to surface infiltration events due to
precipitation events. The unsaturated zone also responds to daily and seasonal changes in
soil evaporation and plant transpiration. Eventually infiltrating moisture reaches the -
groundWater table as groundwater recharge. The groundwater table increases during

. these recharge events; but then decreases in response to direct loss through ET, or
«saturated zone flow adjustments within the system. When the groundwater levels change,

. groundwater flow directions and velocities can also change. As groundwater reaches the -

- ground surface at locations other than streams, seeps are produced which, in tum, can

cause overland flow (retum flow).

The model boundary for the conceptual and numerlcal model is described ﬁrst in Section
. "4.1. The general hydrologic behavior of the flow system, described in Section 4.2, is '
-used to describe key aspects of the conceptual model developed for the Present Landfill

system. The dominant hydrologic processes and their interaction with each-other are

* described, and important Site features or conditions controlling these processes are
identified. To support this conceptualization of system behavior, a substantial amount of
.-data were reviewed and interpreted. These data and interpretations were described in

Sectlon 3.0. .

- 4.1, Model Boundary

. The Present Landfill hydrologic model boundary was deﬁned based on an 1mt1al
evaluation of hydrologic conditions at the landfill. Simple model boundaries were

defined within the study area so that realistic boundary conditions could be specified in.
the integrated hydrologic flow model. Horizontal and vertical flow condltlons were used
to define the subsurface boundaries: -Only horizontal conditions were specified for the
surface system. The horizontal extent of the model boundary encompasses -an area of
approxxmately 210 acres. : '

Vertical (upper and lower) boundaries for the integrated Present Landfill model are the. .
topographic surface and the bottom of the unweathered bedrock formation with a fixed : | |

- thickness of 600 feet in the model, respectively. The bottom boundary was chosen to T f
-enable simulation of flow in the upper portion of the unweathered bedrock near features S f
. such as the East Landfill Ponid dam. The unconsolidated material and weathered

bedrock are consistent with the upper hydrostratigraphic unit (UHSU) definition

described in the Hydrogeologic Characterization Report (EG&G 1995a). The

unweathered bedrock was included to allow for examination of potential flow near the ‘
landfill dam. - , : ' : - f

The western, northern, and southern model boundaries represent no-flow conditions for
overland flow. Although overland flow can cross the eastern model boundary, it is
considered negligible and effectively this is a no-flow boundary.

4.2 Conceptual Flow Model
A conceptual flow model for the Present Landfill includes components of surface water

and groundwater hydrology and the interactions between surface water and groundwater.
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F]ow within the conceptual model is depicted graphlcally on Figure 4-2. Key features
affecting flows in the system, as well as flow directions (sized according to relative flow
magnitude) are included in the figure. Only flows within the landfill system (i.e., trench
system, waste area, seep, landfill pond and dam) are dlscussed here. The external flow

_-system is not described.

Precipitation in the form of rain or snow intercepts ground surface and begins to -
infiltrate. If the storm intensity and duration are sufficient, ponding may occur, although
under typical conditions, this generally does not occur (not even once per year).- Ponding
. then leads to surface runoff, which is diverted around the landfill and eventually

discharged to No Name Gulch below the East Landfill Pond dam.

Shallow surface infiltration rates of precipitation to the unsaturated zone are relatively:

high, given the high effective saturated hydraulic conductivities of surface soil. Although

* only a portion of the total infiltrated water actually recharges the saturated zone (or

groundwater table), recharge rates are relatively high. Generally rates are several inches. -

. per year as reported in the recent SWWB modelmg (K-H 2002a).

On Figure 4-2, groundwater ﬂow dlrecnons are generally from west to east, but the
. Landfill Trench System that includes the GWIS; LD, and LCB locally redirects flows .
- ~toward it. Groundwater flows vertically downward over the entire system, except as
. shown near the trench system and seep. Groundwater flows are greater in the

unconsolidated material and waste than in the weathered bedrock due to higher average’
hydraulic conductivities. Flows in the unweathered bedrock are much lower than in the
weathered bedrock due to even lower hydrauhc conductivities.

The Landﬁll Trench System is not shown fully extendmg to the top of the weathered
bedrock. Despite this, groundwater levels are still controlled by the barrier system. The
LCB prevents-flow from the landfill from entering the external GWIS drain, or external
water from entering the LD. Groundwater beneath the waste in unconsolidated matenal

-and weathered bedrock flows laterally toward the seep as shown. Near the seep,

groundwater inflows (toward the seep) from the north and south hillslope areas are

- limited due to. the two slurry walls that extend west-east and are cored into the weathered
‘bedrock. The shurry.walls, therefore, act to additionally focus upgradient saturated zone
" flows toward the seep area. Seep flow varies throughout the year and has been estimated

~~at1to7 gpm.

Water flows through the groundwater system and primarily discharges through seeps.
There is one primary seep at the Present Landfill located at the base on the eastern face of
the landfill. A second intermittent seep area exists north of SW097 on the hillside below
the north asbestos disposal area. This seep only activates during mgmﬁcant precipitation

‘ events and its flow is not monitored.

At the seep, groundwater discharges to the surface from both the unconsolidated material
and underlying weathered bedrock. All saturated zone flow upgradient of the seep is
conceptualized as discharging at the surface at, or inmediately downgradient of, the seep.
Seep discharge then flows into the landfill pond after being treated. From the pond,
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groundwater flows beneath (within the weathered bedrock) and through the dam at a slow o

rate due to low associated permeabilities. Groundwater from the pond is largely
- constrained downstréam of the dam to flow within the stream alluvium, or weathered

bedrock. - From here it mixes with lateral inflows from the northern and southemn hilislope

~ colluvium and landslide deposits and become subject to loss as ET. The SWWB -
:modeling showed that most of this water is. subject to loss locally via ET, while only a

small portion is subject to d1scharge as surface water flow, which occurs infrequently

(once every few years)

Flgure 4-2 Present Landf' n Conceptual Flow Model

(ATTACHED)
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5 0 GENERAL MODELIN G APPROACH

Development of the integrated Present Landfill model follows the general approach of the

'~ SWWB (K-H 2002a). This approach considered the integrated hydrologic nature of the
" . Present Landfill flow system, project objectives, and available code capabilities. The -
“basic steps of this approach, outlined on Figure 5-1, genérally follow the protocol

suggested by Refsgaard (1996) for integrated modelmg, which are largely based on the
standard groundwater-modeling protocol presented by Anderson and Woessner (1992).

o ‘The term “model” used herein refers to an “integrated model” of the surface and

subsurface saturated flow systems coupled through the unsaturated zone.

Figuré.5-41. Modeling'Apprdach

Data Collection and
- Synthesis

! .
integrated Conceptual Flow
-~ Model- 7

. 1
Integrated Numerical Mode! | Revision
Development )

-Model Performance
(History Match)

Sensitivity Analysis

-Mode! Validation
- Simulation of Hypothet:ml )
Soenanos

Uncertainty Analysis

The first two steps of the‘approach, data collection and synthesis and developing a

“conceptual flow model, were summarized in Sections 3.0 and 4.0, réspectively. Based on

this analysis, flow within the Present Landfill is integrated and complex and has some

uncertainty in operation. As a result, the MIKE SHE code used in the SWWDB modeling
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was considered applicable for the Present Landfill modeling. It was considered the best

‘available code to simulate such intégrated behavior and represents improved
. methodology over previous saturated-only flow modelmg using MODFLOW.

In the integrated- numencal model development step, three tasks are performed " The first
involves improving model performance by adjustmg key model parameters considered

“calibration” parameters. The concept of improving model performance is equivalent to

model calibration used in traditional single-process models. However, in integrated.

- modeling, the calibration process involves many more parameters, but is much more

constrained by internal process couplings. As such, emphasis is not placed on attaining a -

. -prespecified calibration target, but rather on achieving a reasonable “history match”
_between observed and simulated model-predicted system response. Consistent integrated

system behavior is also emphasized in this approach. For example, unsaturated hydraulic
conductivity cannot be incorrectly specified to obtain reasonable recharge estimates,

- because_ the surface ponding and overland flow will be impacted negatively.

: Two final tasks'.are performed as part of the integrated ‘mimerical model developmer'it
. sensitivity analysis and model validation. The model validation is performed to assess_

how well the system performs under an entirely different climate sequence. The model
sensitivity analysis is important in this study because it evaluates some of the. uncertamty

~ associated with the conceptual flow model (e.g., the GWIS drain is operational versus
" non-operational). It is also conducted to demonstrate that the “calibrated” model
. performs reasonably and identify key parameters that affect the system most.

A hypothetlcal scenario in wh1ch specified landfill cover material was adjusted is

‘simulated using the “calibrated” model. The change in hydrologic response is evaluated

from a base case defined by a model structure current as of WY2000. Finally,.:an

~ uneertainty analysis should be performed, as in the SWWB modeling, to qualify such
results. However, this task was not considered in this study.

Asin the SWWB modelmg (K-H 2002a), subscale flow models were developed in this
study as proposed by Prucha (2002). Subscale. single-column flow models in which

' unsaturated, saturated, and overland flow are simulated, along with ET and snowmelt,

permit rapid solution at key wells with sufficient groundwater level response data (e.g.,

.. biweekly at many landfill area wells from 1993 to mid-1995). Other sub-regional -

models, such as a model of just the waste material and seep area, permit focused
evaluation and parameterization of integrated model flow components in this area
without the computational overhead and long simulation times. The MIKE SHE code
described below provides a highly flexible and yet physically rigorous means of rapidly
developing the subscale models, once the regional-scale model is developed (i.¢e., full
landfill model).

5.1 Code Selection and Specifications

The hydrologic code, MIKE. SHE (Storm and Refsgaard 1996; K-H 2002a) was used to
simulate the integrated system behavior for the Present Landfill area. Key model
features and processes that required use of such a code include the following:
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merl@d1ﬂow from the ]andﬁil" seep and from hillslopes to streatn areas;

Groundwater discharge from the grouudwater»interception drain;

Flow effects caused by the GWIS clay barrier;"
~ Flow eﬁ'ects caused by the north and Asouth'sl‘urry walls;- o ‘ .

" Flow effects caused by the landﬁll pond dam;

Infiltration and drainage through the unsaturated Zone w1thm the waste and w1thm the -
surrounding natural materials; :

‘ ,Exchange between unsaturated and saturated zonés (recharge)'

Trans1ent changes in three-dunensxonal saturated zone flow, storage, and potentxal
heads; and :

ET losses

MIKE SHE is an integrated, dxstnbuted -physically based finite difference model. The
code comprises a number of flow modules, which may be combined to describe flow
within the entire land-based part of the hydrologic cycle including developed urban areas.

For the Present Landﬁll study, the computer modules listed in Table 5-1 have been -
apphied.
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Table 5-1. MIKE SHE Modules Applied for the Present Landfill Model

Overl Saint-Venants equationv
MIKE SHE OL | and water depth, MIKE SHE SZ (diffusive wave
. and UZ : L
depression storage 4_ approximation)
Flow and water o
content of the Richards’ equation /
-unsaturated zone, | MIKE SHE SZ, gravitational flow (no
MIKE SHE Uz infiltration, and oL effects of capillary
groundwater ) potential)
recharge
1 Soil and free water _
~ surface MIKE SHE UZ, Kristensen&Jensen /
MIKE SHE ET evaporation, plant oL - Penman-Monteith .
transpiration :
Saturated zone '
MIKE SHE SZ |(groundwater) flows MIKE SHE UZ Boussinesgs equation
and OL
and water levels ,

The model area was discretized into a number of computational cells for the numerical
solution of the governing equations. The spatial scale of MIKE SHE may be chosen
cither to address regional basin issues or, for the Present Landfill model, to provide a
detailed local hydrologic analysis. For a more elaborate description of MIKE SHE, see
Appendix D of the SWWB (K-H 2002a). :

5.2 System Focus Areas

To efficiently use and communicate the large quantity of information genecrated by the
numerical model, focus areas were identified within the model boundary. The focus
arcas were chosen based on Present Landfill interests and concerns for closure.

Five focus areas were identified for the study. These areas are presented on Figure 5-2

and include:

-]

o Landfil] waste area;

e Landtill scep (SW097);

o Landbil pond: and

Dlocsnestrein of dinn,

April s
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Entire landfill and surrounding arca (Catchment Modecl):
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. \ ~ Figure 5-2. Model Focus Area

(ATTACHED °
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6.0 INTEGRATED NUMERIC FLOW MODEL

This section describes ‘the' Stmctm'e and parame'teri_zatioxi of the fully integratéd numerical
MIKE SHE model developed for the Present Landfill. The design of the integrated

_humerical MIKE SHE model is based primarily on the conceptual model described in
"Sectlon 1.0. It is'also based on the code structure and data requirements of MIKE SHE.

Integrated codes such as MIKE SHE are sophisticated and data-intensive. The integrated

model developed here is the result of a comprehensive effort to include all important
surface and subsurface features that affect the Present Landfill hydrology. Earlier

_modeling studies at the Present Landfill have simulated only individual components of
the system hydrology (DOE 1994). As such, it is important to understand how the basic

numerical model framework is structured, and how model input parameters are spatially
and temporally dlStl'lbllted

6.1 Spatial and Tempo'ral Discretization

‘The spatial and temporal discretizations specified in the integrated flow model of the

. Present Landfill are presented in this section. For an integrated model, numerical grids -

" must be specified for each process included in the model and careful consideration must
be given to the combined effect of all process discretizations. Similarly, temporal time

" stepping must also be specified for each process and for the combined set of processes
‘and model output. Discussions of the spatial and temporal discretizations are presented

in Sections 6.1.1 and 6.1.2, rgspectl_vely

6.1. 1 Spatial Discretization .
The numerical grid defined for the mtegrated model of the Present Landfill consxders

i important features of each hydrologic process: The model was designed to simulate

localized flow conditions around the Present Landfill. Although a more accurate .
representation of the $ystem could be obtained using a finer grid (larger number of

.calculation points), this becomes computationally inefficient.

Based on considerations of computational time versus spatial resolution, a 15.2 by 15.2- '

m horizontal grid was chosen to meét the project objectives. This grid was used by the
overland flow, unsaturated zone, and saturated zone portions of the model. Vertical
discretization, varied depending on the geologic layers.

‘The overland flow is a two-dimensional process. Channel flow was not included in this

model because overland flow is reasonably well simulated at the grid discretization size
chosen. The main surface hydrology features at the Present Landfill are the landfill seep
and East Landfill Pond. The overland flow portion of MIKE SHE is able to 51mulate the
flow of water from the seep to the pond

The unsaturated zone flow is modeled as a one-dimensional process. The unsaturated
zone columns have variable discretization, described in more detail in Section 6.2.5.

April 2003 6-1




75

Al tlme steps are specxﬁed as multiples of each other to improve computatxonal

" precipitation that occurs during a time step (i.e., mtens1ty) and the frequency of model
" output. Time steps are ad]usted in the code pnor to reaching either of these points in

-;.In t_he Present Landfill model, the maximum time steps are spéciﬁed as follows:

Integrated Hydrologic Model for the Present Landfill

- The saturated zorie flow process is three—diméﬁéiona.l. The vertical layering of the
“saturated zone model is based on the geologic layering at the site. This was modified.to
- account for certain features specific near the landfill, as described in Section 6.2.4. The

model geologic layers were assigned a minimum thickness of 0.49 m for numerical

stability. The model layers were created using a'spreadsheet containing the geologic:
elevations-and other features contained in each model grid cell. The geologic contacts in

the spreadsheet 3 were then manipulated to create the numerical model layers.

‘6. 1.2 Temporal Discretization

Time step specification is important in the MIKE. SHE model because it affects the
solution accuracy and strongly influences the computational efficiency of the model. If

: time steps are too large, instabilities in the model solution occur and imiportant dynamics
" . may not be captured. If specified time steps.are too low, sxmulatlons become

computatlonally inefficient.

In addition to defining spatial gnds for the model, the numerical soluuon of the ﬂow '
equa’uons also requires appropriate time steps for each process. The numerical time
stepping is largely dictated by the different temporal responses for each of the hydrologic
processes. For example, the saturated zone responds much more slowly to external -

. stresses, such as precipitation, than do surface flows. As a result, the saturated zone time -
_ step is specified larger than the other processes to improve the integrated model

efficiency. Time stepping for the surface water flow is not only controlled by the
MIKE11 portion of the MIKE SHE code, but also by the unsaturated zone (UZ), overland
ﬂow (OF), and saturated zone (SZ) time steps.

efficiency in the MIKE SHE code. The time stepping is also controlled by the amount of

tnne

e- OF and UZ flow = 0.5 hour.

e SZflow.= 6 hour.

6.2 Model Components S
Several model components required for developing the integrated hydrologic model of

 the Present Landfill are discussed in this section. Conversion of the available vegetation

distribution into model zonations is described first.
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.»6 2.1 Vegetatlon

" . Although 12 detailed vegetatxon categories were identified graphically in the Present
-Landfill area (Figure 3-7), only four broad vegetation zones were included in the model .
‘based on the SWWB (K-H 2002a) Additionally, “vegetation” zones were included for
'largely barren areas and open water. The 4 main zones were modxﬁed to the followmg

. 10 zones:
-~o  Wetland;
. e Mesic;

e Xeric;

T . Rxpanan woodland;

. 'Landﬁll (where a dlfferent type of vegetatxon was not present)

e .Dlsturbed/developed
o quﬂats;
o ) Open water;
e Riprap; and

. e Not vegetated (paved)

The spatlal distribution of these ten zones in the cahbratlon model is shown graphlcally

~on Figure 6-1. The landfill was regraded and reseeded in 1998 after landfill operations
~_ceased, with the seed mixture closely resembling the native mesic vegetation (K-H
‘2002b) For the validation model simulation, vegetation in the landfill area was specified °
" as mesic, where the‘leaf area index (LAI) was reduced to simulate the éffects of the
~recent seeding. : '

| Figure 6-1. Model Vegetation Distribution
(Attached) -

" The ET cemponent (DHI 2000; Kristensen and Jensen 1 975) simulates the actual ET

rates as a function of vegetation-specific parameters, empirical constants, and input PET
rates. The vegetation is characterized by the time-varying LA, the root-mass distribution
with depth (RDF), and a crop coefficient (Kc).

' The empirical parameters include an interception storage coefficient (Ci,), a constant

relating ET to LAI (C)), a coefficient for soil evaporation (C,), and a coefficient relating
soil moisture content to ET (C3).
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LAI, RDF ‘and Kc depend on the season and are specxﬁed for.a number of stages. To
model the annual variation in ET, low LAI, and K values are used in the winter Season

. - (October through April), with a transition in the spring fo maximum values durmg June
- . through September. Transpuatxon varies thh LAI and in the wmter water is lost only by
'soil evaporatlon - :

Table 6-1. Vegetation Types and Paranieters for the MIKE SHE

ET Component
Vegetation ID " |Percen| LAl |RDF| K. | € | C | G| Cu
: ' tage of : : : o
Model (') ' (m) BE (’) (") (') (') ) (mm)
: Ny _ _Area . g . 1
Xeric grass 1 224 01 |10 | 02- {02/ 01 |10] 005
: o o - . 0.5 : o
| Mesic grass - - 523 | 041 | 10 | 03- | 02| 01 | 10| 0.05
- I | N 05 | | |
Woody riparian 07 | 050 | 20 |025]03]|005]20]| 005
| Wetland ' 38 | 03 | 05 {025-|02|005[10| 005
| | 08 | |
‘| Paved areas/riprap - 3.2 10 | 00 [ 01 |00 ]| 00 | 20| 0.01
Landfill : - 9.1 005 | 1 | 04- |005] 02 | 10| 005
and o EAnEE 0.6 St
Mudflat/open water 11 | 01-3 | 05 | 025- | 02| 04 |10 | 005"
' : 0.5 4
| Disturbed/developed 74 |0-05 1 | 04- |0.05| 02 | 10 | 0.05
: : 06 | .

:To simulate the ET rate and seasonal changes observed at the site, the LAI, RDF and K¢

values were specified for each vegetation type from general data on vegetation
characteristics at the site. K, values are important because they are used to directly scale
the reference vegetation used in Penmann estimates of potential ET to any vegetation '
type within the model area. Limited field data are available from literature on the natural
vegetation found at RFETS. K. has been estimated through calibration. K. may

influence the actual ET rate; however, the total ET losses are often limited by water
availability (e.g., the soil moisture of the root zone that may be transpired by plants).

The empirical parameters are partially based on method-specnﬁc values and single-
column model runs. The single-column models tested the range of parameters and
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emplncal constants by lookmg at snnulated mﬁltratlon rates, ET losses, and recharge to -
groundwater.

6.2.2 Cllmate
~Model prec1p1tanon and snowmelt are described in the followmg sections.

Precxpltatlon

- Prec1p1tatlon drives most of the system response at the study area. As aresult, lt was
. important to consider its spatial and temporal distribution carefully. Fifteen-minute

precipitation from the site meteorological station was used for 1993 and 1994. The
interpreted 15-minute precipitation for the Present Landfill area from the SWWB ‘model

. was used for the first half of 1995 and WYZOOO The preclpltatlon was assumed uniform

over the Present. Landﬁll model area.

) The years 1993 and 1994 had lower precipitation than a_ver'ége,‘on the order of 12 inches
* each year. The SWWB-interpreted precipitation had approximately 14 inches of

precipitation for the Present Landfill area for spring 1995, one of the wettest on record.

 The SWWB-interpreted precipitation for the Present Landfill area was approximately 14

inches for WY2000

'The 15-minute precipitation inpﬁt allows the model to simulete the system reeponse to
‘actual climatic stress. This allows the simulation of the hydrologic processes of overland

runoff, flow through the unsaturated zone, ET of soil moisture, and dynamic recharge to -
the saturated zone. Consequently, the model simulates recharge to the saturated zone for

. larger precipitation events and when there is no soil moisture deficit. Smaller

precipitation events and during times of a soil moisture deficit may not result in saturated

" zone recharge.

Potential Evapotranspiration

. The calculation of PET used daily minimum ) and maximum temperature average wind

speed, and precipitation, The REF-ET Program (Allen 2000) was used to calculate the
PET for a grass reference crop. The PET calculation used the FAO56 version of the
standard Penman-Monteith equation. The output was a daily PET amount that was
distributed at two-hour intervals for model input. The total PET was evenly divided and

. applied for a 12-hour period from 7 A.M. to 7 P.M. PET was assumed negligible for the

remainder of each day. The PET calculated for the SWWB (K-H 2002a) was used for the
1995 modeling period.

The PET calculatlon followed the general approach of the SWWB (K-H 2002a)
However, several of the inputs used for calculating PET for the SWWB were not
available from the Site meteorological data. Therefore, the PET for the WY2000 was
recalculated using the SWWB meteorological data and the same methodology as used for
the 1993 and 1994 data. The calculated PET for 1993 and 1994 was on the order of
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1,600 mm per year. The calculated PET for 1999 was 1 ,300 mm and almost 1,500 mm
for 2000. : :

' Allhouglr temporally variable, PET is spatially constant in the model. ‘It varies as a

function of topographic slope and aspect; however, the PET is calculated for a honzontal
surface for which an average is con51dered reasonable over the model area.

The ET module of MIKE SHE is an mtegral part of the unsaturated zone component. ET
losses include: (1) interception by the vegetation; (2) evaporation from free water.

- surfaces; (3) soil evaporation; and (4) plant transpiration. The actual evapotranspiration
" (AET) rate is simulated as a fraction of the specified time-varying potential ET rates. In
.MIKE SHE, AET represents a “sink” term in either the unsaturated or saturated zone.

Unsaturated or saturated zone discharge as AET can vary as a function of depth on .
specified root zone distributions and depths. Soil evaporation only occurs from the upper

E _numerical grid cell in the unsaturated zone model

. Snowmelt
- The numerical model applies a s1mple degree/day method to detenmne the rate 6f

snowmelt. The two variables, degree-day factor and threshold value, were set through
calibration. The threshold (°C) defines the temperature at which snowmelt can begin.
The degree-day factor (mm snow/day/ °C) sets the rate of snowmelt as-a function of

. .temperature relative to the threshold value. The values used for the SWWB (K-H 2002a)

were used for the Present Landfill model.

Temperature was input umformly across the Site based on records from the Site
Metrology Tower. A large portion (approximately 80 percent) of the 1993 temperature

data was missing from the Site Metrology Tower and data from the Boulder, Colorado

NCDC station was substituted. The assumption of uniform témperature distribution was
necessary based on limited data; however, it fails to take into account the variation of sun
exposure for slope orientation or building shadows. Typically, north-facing slopes

- ~ exhibit shghtly longer snow storage compared to south-facing slopes

6.2.3 Surfaee Flow

- Overland flow was set up in the numerical model to agree with the conceptual rh'odel

described in detail in Section 1.0. Channel flow is of limited importance at the Present
Landfill site due to the absence of inflow to the model area near the landfill.  The runoff

-diversion ditch around the landfill was not simulate.d.

In the numerical model, overland flow is defined by four main data specifications:

- Initial water depth;

e Depression storage;

e Surface Mannmng (M); and

April 2003 66




/80

Integrated Hydroiogic‘ Model for the Present La(u#ill '

o Overland ﬂ‘ow areas. -

: ,'i’he initial water depth'setti'ng specifies the depth of water on the ground surface at the

start of the model run. This depth is set at zéro in the model, except for the Present

‘Landfill pond, which is reasonable considering the runs were not initiated during intense

events. The water depth at the Present Landfill pond was set as the difference between

.‘the average water levels in the pond and the pond bottom topography.

Depression storage is the depth of water on the ground surface that must be filled before

overland flow will occur. This depth accounts for xmcrotopography andis averaged over

the area of each model cell. Depressxon storage is spatially defined in the model. Based

. on the SWWB, depression storage issetto 1 mm. In MIKE SHE depressmn storage 1s
_referred to as “detention storage”. -

- The M-value, with units of m("3 )/s,* is a numerical representation of the roughness of the
- surface. Decreasing M-values represent increasing roughness. A roughness of M=5 was.
- specified for all areas. This value-was specified to help account for the large amount of.
. disturbed and partially compacted areas (dlrt roads, landfill, dam, and buxldmgs) in the

model.

~Overland flow areas are the desigxxated overland ﬂow boundaries thhm the model.
. These boundaries are applied to account for local topographic and routing features, such

as berms that are not captured by. the specified topography. The model applies three.

.overland flow areas. These areas were specified based on digital subdrainage delineation
_ of topography. : :

The MIKE 11 component was not used to simulate channel flow or pond dynamics.

" There is no persistent surface water at the Present Landfill with the exception of the East -

Landfill Pond and seep. The overland flow component of MIKE SHE adequately handles
the movement of the seep flow to the landfill pond and the standing water of the pond.
MIKE 11 was not used to simulate the pond operations due to the use of spray
evaporation of landfill pond water pnor to fall 1994 as opposed to discrete pond
discharges after 1994 : . :

-6.2.4 Saturated Zone

Saturated zone model components.described in this section include the following:

e Hydrostratigraphic unit and nurherical layering;

e [Initial and boundary conditions;
e Hydraulic properties;
e Subsurface dratns; and

e Subsurface barriers.
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. ‘.Model Layers Hydrostratzgraphxc/Numertcal

The saturated zone at RFETS has been divided into. two hydrostratigraphic units as
‘described Section 4.0. The UHSU consists of the unconsolidated materials and
weathered bedrock. The lower hyrostratigraphic unit (LHSU) consists of the
unweathered bedrock. Vertical discretization of the model had two aspects. The first
was to follow the geologic layers present at the site with unconsolidated material
overlying weathered and unweathered bedrock. The second discretization is numerical,
‘where the model vertical discretization is chosen to represent control features in the

. landfill trench area and for computational purposes. :

The saturated zone is vertically discretized into four model layers in the Present Landfill
model. Table 6-2 lists the four layers of the model and what material is represented by
each layer. The upper layer represents the unconsolidated material outside the landfill
and waste material in the landfill. The second layer represents any unconsolidated -
material beneath the landfill and uriconsolidated material outside the landfill. The third -
- layer represents the weathered bedrock. The fourth layer represents the unweathered

‘bedrock.
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Table 6-2. Model Layers

{ Layer {Landfill Arca (waste area) Nafural Area (nonwaste

area)

-1 Waste .Uncohsolidated Material

2 Unconsel_idated Material/ | Unconsolidated Material
" Weathered Bedr.oek _ '

3 Weathered ﬁedrock ' Weathered Bedrock

4 Unweathered Bedrock | Unweathered Bedrock

The unconsolidated material was divided into two numerical layers to allow more
accurate depiction. of the model processes in the unconsolidated material. The first

-numerical model layer was made as deep as possible to allow the ET component of

MIKE SHE to operate without the water level falling below the bottom of the numerical

layer. The second numerical model layer was designed to allow inclusion of possible

flow beneath the GWIS and LD where these systems do-not extend to the weathered
bedrock. Therefore, the bottom of the first numefical model layer was set to the bottom

- of the landfill or landfill trench if these features were present. Otherwise, it was setto 0.5

m above the weathered bedrock surface. Both Layers 1 and 2 had a minimum thickness

“of 0.5 m for numerical stability, which resulted in a minor amount of the numerical

model layers being pushed into a different geologic layer. An example of this would be a

:cell in the second numerical model layer beneath the landfill trench where the trench is

cut into the bedrock. MIKE SHE accounts for this numerical layer shifting by

* compositing the hydraulic properties of the numerical layers to account for the relative

percentages of the geologic layers included in each cell.

Only one layer was needed to describe the weathered bedrock because Arapahoe
sandstone lenses, which immediately subcrop unconsolidated materials elsewhere at
RFETS, are not present in the Present Landfill area (DOE 1994). The unweathered

“bedrock was included to enable the evaluation of flow through that layer near the landfill

dam.
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The model thickness of the unconsolidated material (Layer 1 and Layer 2) and weathered
bedrock (layer 3) are shown graphically on Figure 6-2 and Figure 6-3 respectively. The
unweathered bedrock model Layer 4 -was set to a uniform thickness of 183 m. Model
layer thicknesses were developed by averaging the finer spatial resolution geologic
surface information onto the MIKE SHE model grid. Unconsolidated material thickness

_ -is greatest in the landfill area (greater than10 m) and thins to the east (less than 2.5 m),
" The weathered bedrock thickness is mostly in the '2.'5.-m to 7.5-m range in the model area.

- Flgure 6-2. Model Unconsolidated Material Thlckness
e Flgure 6-3 Model Weathered Bedrock Thlckness

: Inmal and Boundary Condmons

Boundary conditions are reqmred for the saturated zone portion of the integrated mode]

- Groundwater appears to flow mostly west to east near the Present Landfill. In'the
- southern portion of the study area, groundwater appears to flow southward out of the
‘model domain. To accommodate the groundwater inflow and outflow, constant
-groundwater levels (pressures) are specified along the boundaries, while they vary
. spatially along the boundaries based on averaged conditions. . Assuming uniform vertical
* pressure distributions is reasonable given the low vertical gradients at the sxte A no—ﬂow

boundary condmon is assumed for the bottom of the saturated zone,

Initial condrtrons are 1mportant in the integrated model, partrcularly for the- saturated
zone. In integrated hydrologic modeling of semiarid conditions, the slow response time

-of the unsaturated zone, combined with the even slower-response of the saturated zone to

assumed initial conditions, requires repeated simulation of the fully integrated system to -
approach quasisteady conditions observed in the saturated system. Initially, the
groundwater system stabilizes to conductivity distributions, spatial-and temporal recharge
response through the unsaturated zone, and assumed initial conditions. Repeated

- simulations force the system to approach a quasisteady condition. Although repeated .

‘simulations, using the same calibration year input stresses (precipitation and PET), do not
- Tepresent the actual time-varying stresses. apphed to the system, the system does approach
a dynarmc state of eqmlrbnum : :

The groundwater level data for the study area had temporal and spatra] gaps. Therefore a
potentiometric surface (assumed the same for all layers) was constructed using the
average groundwater levels from 1993 to 1995 from available wells. This constructed
potentiometric surface was used as the initial condition for the simulations. To help

 stabilize the conditions prior to the calibration period, an additional year with the 1993

climate input was simulated prior to simulating the 1993 to 1995 period.

Hydraulic Properties

Only the saturated hydraulic conductivities and storage coefficients (confined and
unconfined) are required in the model. These control the flow rates and transient flow
behavior within the saturated zone. These parameters are described below.
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. . Hydraulic Conductlvmes

The surficial geologlc map (Figure 3-1) was used as the basis for the spatlal distribution
of horizontal hydraulic conductivities within Layers 1 and 2 over the model area outside
. the Jandfill area. Horizontal hydraulic conductivities within the landfill for Layer 1 were
. set for waste material or drainage material (in the LD) Horizontal hydraulic
- conductivities within the landfill for Layer 2 were set for either unconsolidated materials
or weathered bedrock as appropriate, Conductivity values for the weathered bedrock
(Layer 3).were set to an average value for the weathered claystones and siltstones at the -
'Site. Conductivity values for the unweathered bedrock (Layer 4) were setto an average
value for the unweathered bedrock at the Site. The hydraulic conductivity dlstnbutlons
- for Layers 1 and 2 are shown on Figure 6-4 and Figure 6-5, respectively.

F)'guré 6-4. Model Layer 1 Hydraulic Conductivity Distribution

' ~Flgure 6-5 Model Layer 2 Hydraullc Conductiwty Dlstnbutlon

" During cahbrahon conductivities were adjusted primarily in the landfill and the layer
beneath the landfill to simulate the observed well response. Locally, the hydraulic .
- conductivity distributions were not adjusted to match individual well responses but were
. instead adjusted as an entire geologic unit. .

. * Therange of hydrauhc conducnvmes in the cahbrated model'is shown in Table 6 3.
- Hydraulic conductlvmes for the unconsolidated deposits varied from 9. 0x107 m/sec for:
colluvium to 2.5x10™ m/sec for valley-fill alluvium. ‘At areas where the weathered
- bedrock geologic layer intersected the numerical model Layer 2, the hydraulic
conductivity was set to that of the weathered bedrock (6.1x10® m/sec).

- Table ‘6-3. , Hydraulic Conductivities Applied for the Groundwater Layers

Waste material

18&2 Unconsolidated deposits 6.1x10°% -

2.5x10°
3 Weathered bedrock 6.0x10°
4 ' Unweathered bedrock 2.5x10°

The hydraulic conductivity of the waste material was varied depending on the well
response. The majority of the waste material was set to a hydraulic conductivity of

TS
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lxlO m/sec This is lngher than the reported values for wells completed in and through
the waste. It is within the range of municipal solid waste hydraulic conductivities
reported in the lrterature (Table 3-1). A small stringer of waste was set to a hydraulic
conductivity of 1.0x10™ m/sec near thie SW097 seep to concentrate seep flow. The model

 grid size of 15.2 m is coarser than the scale of the seep, which allows for some spreading

*of the seep flow and smoothing out of the topographic features that promote the seep.
.-The enhanced conductivity zone was put in to counter balance these effects. The LD
‘within the waste material was set at 1.0x10™ m/sec conductivity. This is conservatively

low for gravel.

The weathered bedrock zone was sef in the range of the geometric mean of conductivities -
" of weathered claystones and siltstones at the Site. The unweathered bedrock was also set
in the range of the geometric mean for unweathered bedrock at the Site.

Storage/Specnf ¢ Yield:
Confined (Sp) and unconfined (Sy) storage coefﬁcxents are specified for the four geologic "

layers, as listed in Table 6-4." The aquifer is unconfined at RFETS and S, is, therefore,

. .more important in controlling saturated zone behavior. S is related to the aquifer -
.- porosity, which is relatively low for the near-surface alluvial material. Itis lower for the
weathered and unweathered bedrock (K-H 2002a).

The Sy values were~'chosen con51dering the unsaturated zone soil properties; available Site
data, and the magnitude of groundwater rise in response to the April recharge events.

Table 6-4.. Storage Coefficients Applied for the Groundwater Layers

Upper qnconsolidated'deposits 0.10 0.001
2 | l_owe‘r unconsolidated deposits 0.10 - 0.001'-'-
3 ~ Weathered 'bedr'oek - 001 | 0001
4 - Unweathered bedrock (l.O1 1 0.001

Subsurface Drains

" The GWIS on the outside of the landfill trench was designed as a drain with a sand

blanket and a perforated pipe designed to remove groundwater from the subsurface near
the landfill. The MIKE SHE code extracts water from the saturated zone with a drain
feature and moves the water to another specified location. This required specification of
drain cell locations, drain inverts, drain leakage, and discharge locations. For the Present




the perforated plpe is averaged across the enure model grid.
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Landﬁll model, drams were speciﬁed in cells along the outsidé of the landfill trench. The
drain invert was set to the bottom of the landfill trench for that cell based on the as-built
drawings of the landfill trench. The drain leakage was set higher than the suggested

- values in the MIKE SHE manual to account for the permeable sand filter blanket that was '
- mstalled with the GWIS. The location of the GWIS drain cells is shown on Figure 6-6.

. Figure 6-6. Model GWIS Drain Cell Locations
(Attached) |

. The model grid spacing (15 2mx 152 m) is much larger than the physical drain (1-foot-

wide drainage layer and perforated pipe). Putting this feature into the model grid - A
oversimulates the axeal effect of the drain. The drain effect on groundwater elevations at

Subsurface Barriers

. There are three distinct sets of subsurface barriers present in the Present Landfill model:
(1) the north and south slurry walls; (2) the landfill trench clay barrier; and (3) the landfill .
dam clay core. These were all represented in the model by the MIKE SHE sheet piling -

module which allows the placement of a low-conductivity barrier between adjacent cells
to control honzontal flow between the cells without reducing the possibility of flow in the

- cells in-other directions. The assigned conductivity of the barrier needs to account for
" both the conductivity of the barrier material and the thickness of the barrier.” The barriers

were set with a leakage coefficient of 1x10™%sec based on the SWWB results. The
barrier leakage was then evaluated during the sensitivity runs.

The LCB was installed on the outer edge of the Landfill Trench System. It consisted of * -
lower-permeability materials that had an approximate horizontal thickness of 10 feet.
The landfill trench invert was controlled by the need to maintain a gradient for the LD. It
was not tied into the bedrock along its entire length (DOE 1994). The model Layer 1
bottom was fixed to the bottom of the trench invert where the trench was present in the
model. Therefore, the slurry wall for the LCB is only present in'model Layer 1.

The north and south slurry walls were tied into the LCB and bedrock. The slurry walls

- extend along the eastern pomon of the Present Landfill. They exist in the model i in both

Layers 1 and 2.

The landfill dam clay core is made of lower-permeability material and tied into the
bedrock. It exists in the model in Layers .1 and 2 along the approximate dam cénterline.

The model locations of the various subsurface barriers are shown on Figure 6-7.
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- Figure 6-7. Model Subsurface Barrier Locations -

., ‘(Attached)

6. 2 5 Unsaturated Zone
' 'I‘he unsaturated zone dlscretlzatlon and model parameters are discussed in the following

sections.

‘Vertical Discretization

‘The numerical solution scheme used to simulate the soil. water content and flow in the

unsaturated soil columns requires a discretization of the entire column into computational

" nodes. The discretization must be sufficiently detailed to describe the rapid changes in

* potential and soil water content following rainfall input to.a dry soil, to provide a

- numerical stable solution given the strong nonlinearities of R10hard’s equatlon and allow
- areasonable computation time for the entire mtegrated model.

‘The unsaturated zone in the model area varies by the depth to the saturated‘zone (the
. .-lower boundary condition), type of uncensolidated material, and thickness of the A
.. unconsolidated material above bedrock. To account for this variability, the model area .

was broken into zones based on the depth to bedrock. A separate zone was determined
for each soil type, with bedrock less than 1.5 m deep, 1.5t03.0m deep, and 3.0t0 4.6 m

k deep.

. The unsaturated zone soil columns are deﬁned from the soil surface down below the

lowest groundwater table occurring at any time during the simulation period. The
thickness of the unsaturated zone varies throughout the mpdel areas and over time with
seasonal fluctuations of the groundwater table. The numerical grid is finest at the ground

surface to simulate the infiltration process more accurately. It is also kept relatively fine
.within the root zone (0.02 to 0.1 .m) to avoid numerical instabilities caused by ET. Below

the root zone, the grid dimensions increase with depth and are kept constant at 0.4 m,
because flow becomes less dynamic and this improves computational efficiency. Vertical
unsaturated zone column grid cell sizes range from 0. 02 to 0.4 m (0.02 to 0.10 m within,

- the root zone).

Initial and Boundary Conditions

The time scales of flow and changes in the soil moisture content of the unsaturated zone
varies from the upper part where changes occur on the order of minutes in response to
precipitation, to the deeper sections where the scale of changes for groundwater is on the

order of days.

Antecedent soil moisture distribution-is important to simulate the key hydroldgic
processes. If the history of seasonal changes and interannual climate variations are not
properly taken into account when specifying initial conditions, there is a risk of
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' The additional volume will (if not lost by ET) affect groundwater recharge.

~ aone year “warm-up penod” was used in the modeling. The model was run with the'
- 1993 climate data assuming an initial field capacity for a warm-up simulation period of

. Because one-dimensional ﬂow is assumed, no boundary conditions are needed for the

: -mterface between the unsaturated: zone and groundwater _

' deposit material types (Qrf, Qc, Qvf, and af) shown on the surficial geologic distribution

~ cell. Using fewer soil types reduces the degrees of freedom in the integrated model,

- Four “soil” 'types were defined in MIKE SHE for use in the unsaturated zone calculations ‘
-(UZ module) Although unsaturated flow parameters vary within each of the four soil

- Integrated Hydrologic Model for the Present Lbndﬁll -
overestlmatmg or underestrmatrng the volume of water stored in the unsaturated zone..

Because the mmal soil moisture contents could- not be specified from field measurements,

one year to generate a water content distribution reflecting the seasonal state of the
hydrologic system (December 1992).

unsaturated component of the integrated hydrological model. The upper, boundary shifts
automatically from a flux boundary to a head boundary when water starts ponding at the"
surface. A pressure head corresponding to full saturation is applied at the lower dynamic

Hj'draul ic Properties }. _ ,
The unconsolidated materials have been broadly grouped into the four main surficial

(Figure 3-1). The colluvium (Qc) includes all material types except the Rocky Flats
Alluvium (Qrf). The valley-fill alluvium (Qvf) includes the Piney Creek-Alluvium (Qp)
and terrace deposxts (Q). The artificial fill (af) on the surficial geologic map was -
assumed to be the surrounding geologic material except for the landfill area.

The broad hydraulic property zonations were specified in the model primarily to address
regional differences in unsaturated zone properties that might affect surface infiltration
and groundwater recharge. The limited unsaturated zone data described in the SWWB
(K-H 2002a) prevent definition of a higher number of material types in the model. As
such, the hydraulic properties represent effective values over. the extent of each model

making the process of calibration more manageable (Refsgaard 1997). Over the vertical
extent of the unsaturated zone; hydraulic propertles are assumed homo genous above the -
bedrock contact.

types, it is not possible to consider this variation in the model. Furthermore, available
field data did not justify adding more soil types.  Effective unsaturated zone parameter
values of the soil zones are summarized in Table 6-5.
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Table 6-5. Unsaturated Zone Hydraulic Properties '

| artess Rocky Flats Allvium 0.24 |023 | 1x10°*

[ ac west. Colluvium (west section) . [ 0.37 |0.18 [0.16 | 1x10° | 15
.| Qai#3 ‘ © Valleyfill alluvium =~ [0.40 [0.35 [0.17 |5x10° |20
[Waste | Mixed waste and daily cover |0.30 |0.13 |0.08 | 1x10% |5

The waste soil type parameters are a lumped category based on literature values for
unsaturated zone modeling for landfill leachate récirculation (Reinhart and Townsend
'1998) and the modeled values for the daily cover material, which has been estimated to

- ’compose 30 percent of the landﬁll volume (DOE 1994).

* Soil moisture retention characteristics were specified for each soil in MIKE SHE.  These
: - data are defined by the water content (0) as a function of capillary pressure, ¥(0). Other
. : . unsaturated data specified for each soil in the code include: (1) water contents at field
~ capacity (8¢); (2) wilting point (6;); (3) saturation (85); (4) saturated hydraulic’
conductivity (Ks); and (5) an exponent controlling the shape of the K(8) curve.

During calibration, K and 0¢, were adjusted to provide a balance between overland flow

contributions caused by insufficient infiltration capacity, soil moisture profiles, ET
‘losses, and groundwater recharge Groundwater table observations indicate that the

majority of recharge occurs in April, whxch was used to derive the unsaturated zone

. parameters.
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* . performs reasonably and determine which model inputs affect system responses the most
inA focus areas. .

. response data. Model input is then adjusted iteratively, to reduce the difference, or

- 'Cahbratmg an integrated model is more complex than callbratmg a single-process: model
" such as a saturated zone groundwater flow model. As such, less emphasis is placed on -

Integrated Hydrologic Model for the Present Landfill

7.0 INTEGRATED NUMERIC MODEL PERFORMANCE
The performance of the integrated MIKE SHE model is described in this section. Model -

performance is demonstrated in three steps: calibration, model validation, and sensitivity
analysis. In the calibration process discussed in Section 7.1, key model input parameters

are adjusted to reproduce various observed system responses.

Model performance was further validated using climate conditions for the post-
calibration time period. The sensitivity analysis was conducted to demonstrate the model '

: -,17 1 Model Cahbratlon : 4 o |

| N The integrated model for the Present Landﬁll was calibrated using an approach similar to-
. that described in the SWWB modeling report (K-H 2002a). The model was then run

using spatial and temporal interpretations of the actual external stresses. The model
simulates various types of system ‘output that are then ¢ompared to observed system

residual, between simulated and observed response. This procedure is followed until the
simulated and observed responses are reasonably close.

pre-deﬁmng a set of calibration target levels. Instead, more emphasis is placed on

_-demonstrating that the mtegrated model response is realistic.

The success of the calibration process depends on the quality and quantity of available

. input stresses, initial model parameters, and system response data. System response data

are typically referred to as calibration targets, and initial estimates of model parameters

adjusted during the calibration process are referred to as cahbratlon parameters (ASTM
. 1993).

-Ca]rbratlon targets typlcally only consist of measured system response data However, in
- an integrated model, other less quantitative response data can also be used in the
“calibration process. For example, seep areas, or general losing or gammg reaches along

streams represent semlquantrtatlve system response.

Calibration parameters adjusted in the integrated Present Landfill model included
hydraulic conductivity, GWIS drain leakage, unsaturated zone properties, and vegetation
parameters. Other types of model input typically not adjustéd during model calibration
include data such as geologic surfaces or topography. These are not adjusted because
they are generally known more reliably over the model area, or do not affect flows as
much as the selected calibration parameters. |
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A companson of simulated and observed system response (calibration targets) is

described in Section 7.2. Other types of simulated system response are descnbed in’
Sectron 7.2.3. .

72 Companson of Simulated and Observed Response

Model calibration was measured by comparison of simulation results and observed data.
For the calibration perrod observed quantxtatrve data include:

o »Groundwater levels; and

e Approximate seep flow rates.

‘The following sections present the calrbratron results with a discussion of model

performance and appllcablhty

‘7.2.1 Surface Water

The model predicts very minor amounts of overland flow. This flow is concentrated at
the seep area (SW097) flowing into the landfill pond. A minor amount of overland flow
is predicted in No Name Gulch and the northern tributary of No Name Gulch, because
these areas.have shallow bedrock depths and the surface topography is steep. There is
some predicted overland flow in the southwestern portion of the site toward the North
Walnut Creek drainage where bedrock depths are very shallow. The cumulative

simulated overland: flow for 1994 is shown on Figure 7-1." Constant head cells in the East

Landfill Pond area were specified to simulate the pond itself, so the overland flow in this
area simply reflects eﬁ°ects of these constant head. cells '

o Figure 7-1..Model Overland_ Flow - 1994

(ATTACHED)

7.2.2 Groundwater

The modeled response for groundwater heads and drscharges is described in the followmg
sections.

Groundwater Levels

Groundwater level data for 1994 were chosen as the principal model calibration targets. A
secondary set of calibration criteria, represented by the temporal water level trends in
individual wells, is also used to constrain the model calibration. As discussed in Section
3.0, groundwater levels vary seasonally, but have a reasonably consistent yearly average.
A noticeable increase was seen in most wells during the very wet spring of 1995. Very
few wells were present'in the western portion of the study area until after 1995. Some
wells in the study area had data for 1993 but not for 1994. To obtain the largest spatial

* distribution of calibration targets, the calibration data set was constructed of the
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p following: (1) 1994 average grou'ndwafe'r elevations for wells with this data; (2) 1993

average groundwater elevations for wells removed in 1993; and (3) groundwater average -

. elevatlons for ‘wells installed after 1994.

The calibration focused on wells completed in alluvium or across the alluvmm/bedrock
contact. Seventy-one wells were considered for the calibration effort. Many of the

. bedrock wells appeared to be impacted by samplmg and are hkely biased low.

“The spatiat distribution of groundwater residuals for the 1994 period is shown on Figure
© 7-2. Many of the wells are within 1 m of the annually averaged groundwater depths. The
. spatial distribution of groundwater residuals is reasonable, showing little bias of residuals
" to positive or negative values. This is further supported in a graphical plot of the

modeled versus measured depths to water levels shown on Figure 7-3. The groundwater
residuals were calculated from depth-to-water measurements. The average measured
depth to water, period of measurement, and residuals are shown in Table 7-1. The wells

. had aroot mean square of residuals (RMSR) of 1.17 m and the average residual was 0.21

m for the calibration heads

.Flgure 7-2. Average Model Groundwater Head Res:duals 1994

(ATTACHED)

FigUre 7-3. 1994 GroundWater Residuals

(ATTACHED)

Table 7-1. Calibration Well Residuals

‘. (Attached)

The temporal response for the 1993 to 1995 model period for selected wells is shown on
Figure 7-4 and Figure 7-5. These wells were chosen for their spatial distribution in the
landfill waste, near the landfill, and downstream of the dam. Itcan be seen that the
landfill wells (72293, 6487, and 71493).demonstrate the damped response of the system.
The natural system wells near the landfill (1086, 6087, and 70693) show a more
amplified response with a good match on the timing and magnitude of response to
recharge events and a good sensitivity to the normal ET stress on the system. The wells
downstream from the dam (4087 and 4287) show a good response on timing and ‘
magnitude to recharge events and are sensitive to the ET stress.
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Figure 7-4. Modeled Well Response

(ATTACHED)

Figure 7-5. Medeled‘ Well Response

| (ATTACHED)

Modeled vertical flows between Layers 1 and 2 and Layers 2 and 3 are showri on Figure

7-6 and Figure 7-7, respectively. The majority of the vertical flow in the model layer 1 is
‘downward (negative). Upward vertical flows (positive) occur near the East Landfill Pond

boundaries, the SW097 seep area, and No Name Gulch and the drainages leading into No
Name Gulch. Upward flow also occurs along the northwestern model boundary where

the topography descends into the North Walnut Creek drainage. The effect of the landfill

GWIS and LD systems is seen in the model, with both systems drawmg flow from Layer

Figure 7-6. Modeled Vertical Flows from Layers 1 to 2 (1994)

- (ATTACHED)

Figure 7-7. Modeled Vertical Flows 'f_ror'n Layers 2to 3 ( 1994) .

(ATTACHED)

The cumulative simulated vertical ﬂoW from model Léyers 2 to 3 for 1994 is shown on

Figure 7-7. Groundwater flows downward over the majority of the model area. Upward |
vertical flow is again predicted near the pond, seep area, and No Name Gulch and the

* drainages leading into the gulch. The modeled landfill GWIS and LD systems produce .

upward flow from Layers 3to2 (weathered bedrock to overlying unconsolidated

-material).

Groundwater Flow Directions

Modeled mean groundwater flow directions for 1994 are shown on Figure 7-8; Figure
7-9, and Figure 7-10 for model Layers 1, 2, and 3, respectively. It is important to note
that these figures are scaled based on the‘largest flow vector for each layer and a
multiplication factor large enough to exhibit flow vectors for that figure. Some areas
without obvious flow vectors may either be predicted as dry in the model, or, more likely,
very small flow amounts compared to the maximum flow areas. The flow vectors give an
indication of the mean modeled flow directions and relative magnitude of groundwater
flow in that layer. The flow vectors are comparable across layers.
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Figure 7-8. Modeled Horizontal Flow Layer 1 (1994)

| (ATTACHED)

Figure 7-9. Modeled Horizontal Flow Layer 2 (1994)

(ATTACHED)

" Figure 7-10.  Modeled Horizontal Flow 'Layerk3 (1994)

(ATTACHED)

The flow vectors give an understanding of the predicted groundwater flow directions in
the model. They can be compared to the conceptual understanding of the groundwater

'ﬂow dlrectlons based on the mterpreted data presented in Section 3.0.

The model simulates flow along the LD in Layer 1 with relatively larger amounts of flow

along the southern portron of this system. Groundwater flow upgradient and extenor to
the landfill wastes is drawn toward the GWIS drain. This indicates that groundwater
levels are at least high enough in Layer 1, exterior to the landfill waste, to be controlled
by the GWIS drain, if it is actually functional as conceptualized in the current model. In

'general, the majority of groundwater within the landfill waste material flows toward the
- LD, and only the central upgradient area of the landfill is actually directed toward the

seep. Flows are highest near the vicinity of the seep area (SW097).

The model simulates groundwater flow toward the LD and GWIS along much of the

- western landfill boundary. Very little groundwater flows through the north and south
landfill sluny walls. The majority of flow in Layer 2 in the landfill is in the centerline of

the eastern portion of the landfill, with water flowing to the SW097 seep and landfill
pond. Groundwater flow also.occurs in No Name Gulch below, and to the northem

portion of the landfill dam.

" In Layer 3, the model simulates flow towatd the LD and GWIS along much of the

western landfill boundary. Again, this flow shows the modeled influence of these ‘
systems. A relatively large portion flows toward the landfill pond, toward the northern

‘tributary of No Name Gulch, and on the northern portlon of No Name Gulch below the

landfill pond.

Overall, simulated groundwater flow directions appear reasonable, with flow going to the

- discharge points of the landfill seep (SW097), East Landfill Pond, and the other
~ topographic discharge points.
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Seep Dzscharge

In MIKE SHE, seep flow is calculated as water dlschargmg from the saturated zone to
overland flow. The modeled seep flow for SW097 shows seasonal variation ranging from
1.5 to 3 gpm and averaging 2 gpm for the simulation penod The simulated temporal
response is shown on Figure 7-11. The model seep flow closely matches the average

 estimate of approximately 2.5 gpm (Section 3.5.1).

" Figure 7-11. Modeled SW097 Seep Flow

(ATTACHED)

- All of the areas in the model that produced flow from the saturated zone are shown on

Figure 7-12. The model predicts a net seep flow at SW097 and the area immediately east

" -of SW097. Flow into the pond is shown and relanvely small amounts of seep flow:along
ANo Name Gulch and the northem tn'liutary of No'Name Gulch are also shown‘.. '

Figure 7-12. Modeled Seep Areas (1994)

" (ATTACHED)

GWIS Drain Discharge

‘The modeled GWIS discharge rates are shown on Figure 7-13. Including the large
‘increase in the modeled discharge rate in 1995, the average modeled discharge is
-approximately 3.3 gpm. The modeled discharge shows seasonal variation as it responds

to precipitation events. The cumulative model predicted volumes for 1994 are shown on

Figure 7-14. The predicted groundwater discharges to the GWIS are largest in the’ west
" and decrease along the southern portion of the system.

'Flgure 7-13. Modeled GWIS Dlscharge Rates

(ATTACHED)

Figure 7-14, Modeled GWIS Volumes (1994)

(ATTACHED)

The GWIS is modeled as a set of drains that discharge the intercepted water outside the
model. As discussed in Section 0, the actual GWIS discharge points are not clearly
known. The modeled GWIS setup is one possible interpretation of how to handle the
system. Another possible interpretation is flow along the GWIS to the lowest elevatron
on the system (to the east) and then removal of the water from that location.

Additionally, the intercepted water could be routed to the East Landfill Pond or No Name
Gulch.
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The model interpretation was designed to evaluate the potential system response if the
GWIS is operating as designed. The model residuals (Figure 7-2) show a reasonable

. response at the western end of the GWIS. Further along the system, the modeled

response is lower on the outside of the GWIS than actual values. Further east, the

. modeled response is again close to measured.groundwater elevations. Some of the model

response to the GWIS is due to the spatlal scale of the model grid. A well that is near the

. GWIS may share a model grid with the system, depressmg the sunulated groundwater
. levels at the well. y

It is also important to recognize that the LD system in the mode! has the potential to - i
affect the effectiveness of the GWIS at draining external groundwater inflows because of -

‘the potential flow pathway beneath the trench system through alluvium, or in some cases

weathered bedrock. The degree to which the LD might affect GWIS operation depends.

- on the local hydraulic properties of material beneath the trench system as'well as the

relative efﬁcxency of the LD and GWIS.

" One of the sensxt1v1ty runs assumed the GWIS was not functioning (Sectlon 7. 4) The
residuals for thls model run are shown on Figure 7-15.

~Fig’ure 7-15. No GWIS S_ystem Model Groundwater Head Residuals (1994)

' (ATTACHED)

Water Balance Data

The model-wide water ba]ance for 1994 is shown on Figure 7-16. Asin the SWWB
modeling (K-H 2002), the landfill model’s water balance is dominated by precipitation

-and ET. Overland boundary outflow is niegligible. Theré is a drop in the subsurface

storage. Subsurface boundary outflow is approximately 50 percent more than the
subsurface boundary inflow. The GWIS dramage system removes approx1mately one-
third of the subsurface boundary outflow.

Figure 7-16. Modeled Water Balance for 1994

(ATTACHED)

A water balance was calculatéd for-each focus area shown on Figure 5-2. A summary. for
each area is shown on Figure 7-17. Within the landfill area the majority of precipitation
is removed by ET. The remaining precipitation recharges the saturated zone. The
saturated zone discharges to the SW097 seep. The model shows seep flow to be slightly
larger than the recharge for 1994, with the remainder made up by a reduction in storage. -
There is'a minor amount of subsurface boundary inflow. . -

The SW097 seep catchment water balance is dominated by the subsurface boundary
inflow that then leaves this catchment area as overland flow. The landfill pond
catchment includes ET from the vegetation surrounding the pond and evaporation from
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the ponded water being the dominant sink term. There is overland boundary inflow from
the SW097 seep area. There is slightly more modeled subsurface boundary inflow than
outflow for the pond catchment

ET loss is approxunately 50 percent greater than total precipitation in the downstream
dam catchment area due to the riparian vegetation and subsurface inflow to the area.

Figure 7-17. Focus Areas Modeled Water Balances (1994)

(ATTACHED)

723 Additional Simulated System Response .

Modeled overland ﬂow,; ET, groundwater recharge, and groundwater discharge across
lmodel boundaries, as well as simulated numerical error, are described in this section.

A 0verland FIow

The amounts of overland flow generated by the model for 1994 are shown on Figure 7-1.
The model predicts overland flow at and near the landfill SW097 seep where the bedrock

_ surface is very shallow.. Additional flow is predicted in No Name Gu]ch and its
tributaries where topographic lows are present

Actual Evapotransptratlon

Modeled AET is shown on anure 7-18. The predrcted AET amounts are highest around
the landfill pond and No Name Gulch and its tributaries where groundwater is shallow
due to near-surface bedrock. A hlgher density of riparian vegetation occurs at these
locations, which is effective at removing the shallow groundwater.

Figure 7-18. Modeled Total AET (1994)

(ATTACHED)

Groundwater Recharge

- The simulated distribution of annual groundwater recharge (mm/year) is shown
graphically on Figure 7-19. Recharge is an important process to consider in simulating
the integrated response of the system because it controls the groundwater flow and also
- reflects unsaturated zone conditions, including effects of ET. Positive values indicate
that recharge to the saturated zone occurs, while negative values indicate that
groundwater discharge occurs. ET is greater than recharge.
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Ncgatxve recharge rates occur along No Name Gulch and its tributaries, near the SW097
_'seep area, and some of the mesa areas. The simulated recharge rates in the landfill area

are on the order of 50 mm/year. This is higher than the 25 to 41 mm/year assumed in
previous reports. The integrated model allows a simulation of the wetting front -
percolating into the landfill, versus makmg an assumption about the recharge rates. The
simulated recharge in the landfill area is consistent with the rates reported for that area in

“the SWWB (K-H 2002a).

:Flgure 7-19. Modeled Total Recharge (1994)

(ATTACHED)

Groundwater Dzscharge :
The relative lateral groundwater dJscharge can be seen on Fxgure 7-8, Figure 7-9, and

" Figure 7-10. Modeled groundwater boundary discharge tends to follow. the topography,

with discharges into the North Walnut Creek dramage to the south and No Name Gulch
to the east.

- Simulated Numerlcal Error

The total combined numerical error for the MIKE SHE model process (overland flow,

. unsafurated zone flow, saturated zone flow, and snowmelt) is shown on Figure 7-20. In
. general, errors were small compared to the total mass balance. Locally, errors were

higher along the southern model boundary, near the SW097 seep area, and at the
connectlon of the south slurry wall and landfill trench

Figure 7-20. Total Annual Numerical Error (1994)

(ATTACHED)

7.3 Model Vahdatlon

The calibration effort considered model performance only for the range of conditions
observed from 1993 to mid-1995. Model validation consisted of testing the model
against an additional period of climatic record that was not used in the calibration. As.
such, this validation was an additional assessment of the numerical model performance to
determine whether the calibrated parameters are close to the actual values. The approach
and findings of the validation run are presented and discussed below.

7.3.1 Approach

The validation period chosen was WY2000 (October 1999 to September 2000). This
period was chosen based on the climatic and system response information available. This
section briefly discusses.the validation period climate, validation model development,
and the data limitations.
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The miodel was modrﬁed in two Najor ways. The topography for the Present Landfill
area had changed due to continued landfill operations. The landfill was regraded and -

~ reseeded in 1998 when landfill operations ceased. The model topography was adjusted in -
-the landfill area to reflect the regarded surface. ‘The vegetation distribution in the landfill -

- - .area was changed to a modlﬁed mesic vegetation. The seeding of the landfill most
¢losely resembles the native mesic vegetation (K-H 2000). Because the landfill was

- recently reseeded, the LAI of the model vegetation on the landfill was reduced to 75
percent of the normal LAI in the landfill area. : '

Climatic data for WY2000 was prepared as part of the SWWB (K-H 2002a). The
calculation of PET for this data involved variables not available for the calibration period

- of the Present Landfill model (see Section 3.1.1). For consistency, the PET was

calculated for WY2000 using the same methodology as for the 1993-1994 climate data.
‘The daily PET predicted by the REF-ET program was then divided over the 12-hour
period from 7 A.M. to 7 P.M. each day. The REF-ET program predicted a decreased
amount of PET (roughly 15 ‘percent) for WY200 as compared with the 1993 - 1994 PET

" amounts. This appeared to be due to temperature and precrpltatlon differences between

the two penods ;

The validation model run was hot star’red from thec_élibration model September 1993

- conditions. This allowed thé simulation to start from a system where the unsaturated

zone conditions had stabilized. -

7.3.2  Results

The validation model residuals for the WY2000 are shown on Figure 7-21. There are .
fewer wells-with water level data during this period and no wells present within the
landfill during this time. The wells outside the landfill show good agreement near the

' landfill boundary. Simulated_water' levels are slightly high in No Name Gulch. The
residuals are plotted on Figure 7-22 and summarized in Table 7-2. Well 1297 had two

total measurements during this time period that varied by 7 m. Without this well, the 31
calibration wells had a RMSR of 1.37 m. '
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Figure 7-21. Validation Model Groundwater Residuals (WY2000)

(ATTACHED)

AFigure 7-22. WY2000 Model Groundv‘/ateri Head Residuals

(ATTACHED)

Table 7-2.. Calibration Groundwater Res:duals

(ATTACHED)

. The average modeled seep flow at SW097 was 3. 7 gpm The GWIS dxscharge as

predlcted by the model, averaged 5 gpm

The model showed a reasonable response to thc WY2000 climate simulation. The model '
is sensitive to climate and the driving forces of precipitation and ET. :

7. 4 Model Sensmwty Analysns
A sensmwty analysis was conducted using the callbrated Present Landfill model

‘primarily to establish which model parameters control the hydrologlc flow response for

the Present Landfill system. Several “what-if” scenarios were run ‘where subsurface

" structures (GWIS and LCB) were taken out. In addition, general simulated system

response was assessed mainly in the focus areas through this: analysis to demonstrate
model performance. The sensitivity of various different model output to input parameters
was considered within these focus areas. A brief summary of the approach and results of
the sensitivity analys1s are presented in this section. :

7.4.1 Approach

Through calibration, a subset of the total number of model parameters was identified for
the sensitivity analysis. All possible combinations of the selected key parameters were
not considered because of the number of simulations this would require and the complex

integrated response. Instead the parameters were changed one by one to isolate the effect

of individual parameter, and all other parameters were unchanged corresponding to the
calibrated model parameter set. The majority of the sensitivity runs were conducted.on
reduced model catchments that focused on the landfill area or the landfill and

- downstream of the dam: The reduced catchments were used to conduct more model

sensitivity runs focusing on the core landfill area.
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. The sensitivity runs conducted are listed in Table 7-3.

~ Table 7-3. Model Sensitivity Simulations

'(.Attached) '

The ranges of parameter values considered in the sensitivity analysis were selected based
on observed RFETS data ranges and publications on parameter ranges in general. A total
of 23 sensitivity runs were completed changing one model parameter at d time. '
Additionally, three “what — if” scenarios were completed. The parameters that were
considered include: :

e Saturated zone hydraulic conductivityi

e Landfill material hydrauhc conductmty,

e - GWIS leakage coeﬂiclent

» LD conductivity;
- o Landfill material porosxty, ' '
o Slurry wall leakage (LCB north and south slurry walls, and landﬁll pond dam core)

coefficients; and

o Landfill pond water levels. _ ‘
‘The “what-if” scenarios assumed there was no GWIS in operation, a GWIS was blocked

at the pipe connection between the perforated pipe and the solid discharge pipe, no LCB,
and no Landfill Trench System.

Given the coupled processes of an integrated model, it is important to stress that model

responses may exhibit local “discontinuities” or “thresholds” which implies that .

parameter sensitivity may depend on the absolute value of the parameter itself,

“correlation with remaining parameters, and th¢ model state variables. Certain model

responses (e. g drain runoff) are triggered at groundwater levels above the specified
drain levels, in which case the generated runoff influences the water balance, whereas it
would have no effect when the groundwater table is lower than the drain level. The
parameter ranges in the calibrated model were assumed physically realistic, and hence the
analysis describes model sensitivities only in this part of the parameter range.

A number of relative and comparatlve measures were apphed to evaluate the sensitivity
at pomts of importance, namely: -

» Changes in discharge at SW097 and the GWIS drainage volumes; and

April 2003 7-12
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o Groundwater level sensmvxty for mean 1994 modeled levels (changes in the landﬁl]
area and below the landfill dam) :

7.4. 2 Results

The comparatlve results of the sensmvxty model runs are shown in Table 7—4 The table
is color coded by the system response.

_ 'Table 7-4. Model Sensitivity 'Simulations

(Attached)

- SW097 Seep Flows

Modeled SW097 seep flow had an increase of 10 percent or greater for mcreased
saturated. conductivity of the waste material, LD material, external soil, and weathered

.jbedrock conductivity of unsaturated waste; and low porosity of waste material. Seep -

flow decreased by 10 percent or more for a lower saturated conductivity of the waste

‘material, lower conductivity of unsaturated waste material, higher porosity. of the waste

material, and lower hydraulic conductivity of the layer underlying the waste material. -

~ .Other parameter changes had a margmal effect on the modeled SW097 seep flows.

The modeled seep-flow increased for the “what-if” scenarios s of no GWIS and the GWIS

- blocked at the end of the perforated pipe section. The modeled seep flow decreased for

the “what-if” scenario of no Landfill Trench System.

- Modeled GWIS Dramage
Modeled GWIS dramage increased by 10 percent or more for h1gher conductxwty of the '

unconsolidated materials outside the landfill the weathered bedrock. The modeled

- drainage decreased by 10 percent or more for lower GWIS leakage coefficient, lower

conductivity of the external unconsolidated materials, lower waste unsaturated

~ -conductivity, higher porosity of the waste matenal and lower conduct1v1ty of the material
- underlying the waste.

Landfill Groundwater Levels
The mean modeled groundwater elevations for 1994 increased for the simulations with-

‘lower saturated conductivity of the waste material, increased conductivity of the external

unconsolidated materials, increased waste material unsaturated conductivity, lower
porosity of the waste material, and decreased conductivity of the material underlying the
landfill. The modeled elevations decreased for simulations with higher waste material
conductivity, higher conductivity of the weathered bedrock, lower conductivity of the
unsaturated waste material,.and higher porosity of the waste material.
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The modeled ‘grou'ndwater' elevations increased for the “what-if” scenarios of no GWIS,
the GWIS blocked at the end of the perforated pipe section, and no Landfill Trench
System .

Below Dam Groundwater Levels
The mean modeled groundwater elevations for 1994 mcreased for higher dam slurry wall

leakage, higher conductivity of the unconsolidated materials, higher conductivity of the

weathered bedrock, and higher conductivity of the unweathered bedrock. Modeled

groundwater elevations decreased for lower conductivity of the unconsolidated materials

and the weathered bedrock.

No Landﬁll § rench System Simulation

One of the “what if” scenarios was the absence of all the components of the Landfill
Trench System (GWIS LCB, and LD). The groundwater residuals from this model run
are shown on Figure 7-23. The groundwater residual distribution is very similar to the

' calibrated model simulation outside the landfill area. In the landfill area, the model
“overpredicts groundwater elevations in most places, especially in the western portion of

the landfill. This suggests that the Landfill Trench System is operatmg in thlS portion of
the landﬁll : 4

FiglJre 7-23. No Landfill Trench System Groundwater Residuals (1994) .
(ATTACHED) '

The modeled mean groundwater flow directions for 1994 are shown on Figure 7-24,
Figure 7-25, and Figure 7-26 for model Layers 1, 2, and 3, respectively. It is important to

| _ note that these figures are scaled based on the largest flow vector for each layer and a

multlpllcatlon factor large enough to exhibit flow arrows for that figure. The flow

_ vectors give an indication of the mean modeled flow directions and relative magmtude of 3

groundwater flow in that layer. The flow vectors are not comparable across layers.

The modeled flow vectors show groundwater movmg from west to east across the landﬁll

.area. The groundwater flow within the landﬁll then concentrates near the SW097 seep

discharge location.

" The modeled seep discharge for this case averaged 1.5 gpm or 75 percent of the baseline

model. A water balance for the simulation without the Landfill Trench System showed

‘discharge from the SW097 seep location being approximately 90 percent of the
groundwater recharge over the landﬁll area.
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.Figure -7-24. No Landfill Trench Sysfem Modeled Horizontal Flow Layer 1
(1994) ' '

~ (ATTACHED)

(1994)

(ATTACHED)

' FiQufe '7-26.~N6‘Landﬁll Trench System Modeled Horizontal Flow Layer 3
(1994)

' (ATTACHED)

April 2003 7_] 5
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8.0 HYPOTHETICAL SCENARIO

A hypothetical scenario was run to evaluate the impacts of a potential closure scenario for .

the Present Landfill. This scenario was requested by ER personnel.

" 81 MODEL SETUP

The topography and vegetatlon of the Present Landﬁll area has changed since the
calibration period of 1993 to mid-1995. To evaluate the potential change in the system

hydrology for the hypothetical scenario, it was necessary to run a new baseline simulation
_that had the current topography (1999) and the vegetation distribution of the validation '

model. This baseline model was run with the calibration climate input of 1993 to 1994.
The hypothetical scenario was then run with appropriate modifications to the topography,

: : and the assumptlon of the landfill being fully vegetated with mesic vegetation. The

future scenario was then run with a hypothetical wet climate.

.8 1.1 Structural Modlficatlons

The hypothetical scenario has an assumed 1 foot of additional cover material over the '

Present Landfill area. This additional cover material has the modeled unsaturated

' hydrauhc properties of Rocky Flats Alluvium and a saturated hydraulic conductivity of

1x10° cm/sec. The portion of the model with the additional cover matenal is shown on
Figure 8-1. '

Figure 8-1 Modlf' ed Areas Present Landfill

(Attached)

8.1.2 Climatic Conditions

The baseline run and hypothetical scenaro both used the 1993 and 1994 climate
sequence to calibrate the model. The development of this climate sequence is described

* in Section 6.2.2. A “wet year” climate sequence from the SWWB (K-H 2002a) was used

to pertubate the system to simulate climatic uncertainty. This wet year sequence was the
WY2000 precipitation multiplied by a factor to generate a wet year of precipitation. This
WY2000 precipitation was then mapped to the period of October 1993 to November

1994

8.1.3 Imtlal/Boundary Conditions

For the hypothetlcal scenario, initial groundwater levels, developed by snmulatmg two

full years, were used in the simulation to stabilize unsaturated zone conditions. Because
the two runs were made using the same initial conditions, simulated differences between
the two models reflect only the effects of modifications, rather than the initial conditions.

April 2003 8-1
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- The boundary conditions for the s'urféee and groundwater flow systems were the same as
- the calibration model. Constant groundwater levels were specified on the model
~ boundaries, and for the landfill pond :

_ 5_8'.24 HYPOTHETICAL SCENARIO SIMULATION RESULTS

" The model outputs were for the climate period October 1993 to November 1994
- *(WY1994). This different output period from the calibration model results (calendar year- -
o 1994) was chosen to utilize the ‘wet year > climate that had been specified for a water

"8.2.1 ‘ Change in Groundwater Levels

" - Groundwater levels in the landfill focus area were approximately 0.6 m lower in the

scenario with the additional cover material and full vegetation than in the baseline model .

~ " .qun. This is attributed to less modeled recharge in the landfill focus area. The wet year
) s1mulat10n had mean groundwater levels in the landﬁll focus area approximately 0.5 mi .
.lower than in the baseline model run.

7 822 Seep Flow _ , _
- The modeled seep flow decreased slightly more than 10 percent in the scenario run from -
- the baseline run. The modeled seep flow for the wet year simulation was effectively the

same as the baseline run.

N 8.3 UNCERTAINTY ANALYSIS

The primary purpose of simulating the hypothetlcal scenario.was to predict hydrologic

" responses that result from the changmg cover material and vegetation on the Present
. Landfill. An uncertainty analysis is usually conducted to determine the uncertainty of
- these model predictions given the uncertainty in different model input. It was requested

‘ _that the’ uncertamty analysns for the hypothetxcal scenario be limited to the wet year

climate 81mulat10n

8.4 LOW-PERMEABILITY MATERIAL SIMULATION

An additional simulation was conducted using a 1.5-foot, loW-permeability layer over the

" waste material for the calibrated model. This simulation was run for the calibrated model

climate sequence to evaluate the potential effects of reduced recharge to the landfill
system. :

8.4.1 Simulation Results

The modeled mean groundwater flow directions are shown on
' ~

April 2003 8.9
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Figure 8-2 and Figure 8-3 for model Layers 1 and 2, respectively. Itis important to note
that these figures are scaled based on the largest flow vector for each layer and a

:;multrphcatlon factor large enough to éxhibit flow arrows for that figure. The flow
vectors give an indication of the mean modeled flow directions and- relatlve magnitude of

groundwater ﬂow in that layer. The flow vectors are not comparable across layers

jThe modeled flow vectors show groundwater flow concentrated in the center of the
landfill and along the southern arm of the LD in model Layer 1. Groundwater flow is
‘more evenly distributed in model Layer 2, with groundwater flow going toward the

landfill. Groundwater from the landfill area discharges at the SW097 seep area.

Modeled recharge in the landfill area was approximately 10 percent of the calibrated
model. Average modeled seep flow for this simulation was 1.5 gpm. Thisis
“approximately 75 percent of the calibrated model run. The model shows the-seep flow
" being met by an increased amount of water coming as horizontal and vertical inflow and
- a decrease in storage in the landfill area. The groundwater levels in the landﬁll area .

dropped by an average 0f 0.5 m from the- callbrated model.

Figure 8-2. Reduced Recharge Modeled Horizontal Flow Layer 1

(ATTACHED) e

‘ Figure 8-3. Reduced Recharge Modeled Horizontal Flow Layer 2

(ATTACHED)

- April 2003 - 8.3
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9.0 SUMMARY AND KEY FINDINGS

Information for the Present Landﬁll modelmg pro_lect was derived principally from
available reports in the ER library, Site-wide well data, and data collected for the SWWB

' (K-H 2002a).. Background on available landfill-related data and history is presented in

Section 2.0, while available data and their interpretation used to develop an integrated

'conceptual ﬂow mode] for the landfill are presented in Section 3.0. From the compiled
_information, a conceptual model of the hydrologic system at the Present Landfill was
; constructed and is presented n Sectlon 4.0.

A numerical model was then constructed using the integrated flow code MIKE SHE

» ‘using an approach outlined in.Section 5.0. Details of the integrated numerical design of
- the MIKE SHE flow model for the Present Landfill are presented in Section 6.0, while

the actual model performance is described in Section 7.0. The numerical model focused
on the Present Landfill and surrounding areas. Geologic surfaces for the top and bottom

- of the weathered bedrock zone were interpreted based on the most complete compilation
- of historical boring information to date. Extent and thickness of the waste material from .

previous work was incorporated into-the model. . In addition, key landfill control
structures (GWIS, LCB, LD, and slurry walls) were also included in the model design.
Published vegetation distributions for the 1993 to mid-1995 and 2000/2001 time periods
(K-H 2002a) were converted into hydrologically significant categories and used in the

‘model for calibration and model validation. The REF-ET Program (Allen 2000) was
used to calculate the PET using the FAOS56 version of the standard Penman-Montexth

equation for 1993 and 1994 Site climatic data. -

* The model was calibrated using data for the 1993 to mid-1995 period. “This period was’
. chosen because it was the latest historical period of water level measurements within the

Present Landfill boundary, and spring 1995 was an extremely wet period with substantial
system response. - Model calibration focused on matching average 1994 groundwater
levels, timing and magnitude of system response at wells, and the seep flow at SW097.

Fellowing model calibraition, a sensitivity analysis was conducted to establish which

‘model parameters dominate the hydrologic flow response for the Present Landfill system.

Model sensitivity to hydraulic conductivity, leakage coefficients, landfill material
properties, and pond water levels was evaluated for seep flow, modeled GWIS dxscharge,

and groundwater levels.

The model was run for a validation period of WY2000 with the topography modified to
the current land surface at the landfill and the vegetation coverage revised to reflect that
the landfill area had been reseeded in 1998. The model was found to be sensitive to the
WY2000 climate change and vegetation changes but simulates system response

. reasonably well.

In Section 8.0, a hypothetical scenario was run to evaluate the pessible impacts of a
potential closure scenario for the Present Landfill. This scenario modified the surface in

the landfill area by adding 0.3 m of cover material and having the landfill area be fully
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vegetated with mesic vegetatron This sunulatron was compared to a simulation w1th the

landfill not having the additional cover and less established vegetation.- These
simulations were run for the calibration model climate years of 1993 and 1994. ‘An
additional run was performed with the wet year precipitation from the SWWB (K-H
2002a) to evaluate impacts of a wetter climate on the landfill system.

91 KEY F]NDINGS

~ The primary purpose of developrng a flow model was to better understand the past,

current; and possible future integrated hydrologic conditions to support a detailed water
quality analysis in the Present Landfill aréa. The amount of modeling output generated
through development and application of the integrated Present Landfill model is
substantial and provides new insight into the integrated and dynamic hydrologic behavior
within and surrounding the Present Landﬁll area.. Key findings include the 'following':

A' o The callbrated mtegrated model reproduces observed annual landﬁll seep (SW097)

flow location and discharge, and key spatial and temporal well water level response to
- annual recharge events and ET reasonably well.

.o The model shows that observed seep flow and water level data are best srmulated |

.when the Landfill Trench System (i.e., the GWIS, LCB, and LD) is assumed to be
functional.

. Modeling shows that groundwater interior to the trench system flows outward to the
LD and is then routed toward the former West Landfill Pond area. Exterior .
. groundwater is intercepted by the GWIS and directed away to either the landfill pond
orNo Name Gulch. The LCB prevents exterior and mtenor flows from m1x1ng

e The model shows that water in the landfill waste material is derived mostly from
‘direct recharge of precipitation over the waste material (greater than 90 percent),
rather than lateral or vertical groundwater inflow.

e Seep flow at SW097 is most sensitive to the hydraulic conductivity of the waste
material and other unconsolidated material, the hydraulic conductivity of the LD
_drainage material, and the hydraulic conductivity of the weathered bedrock:
Meodeling results show subsurface water in the footprint of the landfill system,
upgradient of the seep, discharging to the seep or pond, regardless of whether the
Landfill Trench System is functional.

e Ina hypothetical scenario where additional cover material and fully developed
- vegetation are assumed, modeled seep flow is reduced by approximately 10 percent
compared to the baseline scenario (i.e., current landfill configuration and WY2000
climate). In a comparably wet year, seep flow increased by approximately 10
percent, whilg mean modeled groundwater elevations in the landfill increased by 0.1
m.

e In another hypothetical scenario where recharge within the LCB and slurry walls is
reduced by approximately 90 percent, modeled seep flow is reduced by
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. approximatély 25 percent over a 2.5-year period. This is mostly from a decrease in
o saturated zone storage. Lateral subsurface flow into the landfill area is still small but
_increases as a result of increased gradients across the landfill trench. Mean modeled

= groundwater elevations in the landfill decreased by 0.5 m. ‘

;)JD
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Figure 3-8. Groundwater Well Locations
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Figure 3-9. Trench System Groundwater Well Locations
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Groundwater Depths (ft, bgs)

Waste Well Water Levels
35
30
72393 and 72093 well pair in center of landfill
25 show two decreases in depth. This is due to
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increased topography at these locations.
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GW depths increase in most

6487 shows B106089 -

continued affected by wells during May 1995

decline in sampling &
5 levels. - slow recovery
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Figure 3-10. Waste Well Groundwater Response
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GW depths with time (feet)

Slurry wall wells (South Wall)

—&— B206389 (interior)
—{0— 493 (intcrior)

16 ~r=7287 (exterior) [
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Signs of annual recharge —
evident in all wells.
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Notable recharge effects here
mask any lateral flow effects
caused by slurry wall.
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Figure 3-11. Slurry Wall Groundwater Well Response
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Figure 3-12. GWIS Groundwater Well Response (North)




GW depths with time (feet)
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GWIS wells (West)

‘ 'B106089 probably affected by sampling quarterly, but shows
'notable effect of 1995 precipitation and slight effect in 1994
~recharge event. :

—&— B106089 (waste)
—{5—5887
—5—1086

—3¢— 986 (bedrock)
—¥— 70493 (bedrock)
—&— 70593 (bedrock)
—+—70393 (alluvium)

70593/986 bedrock wells exhibit low K response
with large deviations caused by initial well

development/sampling.
}

|
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i Most alluvial/bedrock wells respond to annual

E show same amplitude changes (<5 feet).

ﬁ

j recharge event in April/May each year. They also
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Figure 3-13. GWIS Wells Response (West)
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Figure 3-14. GWIS Well Response (Southwest)
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GW depths with time (feet)

40

GWIS wells (Southeast)
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== 6587 (GWIS drain)’
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=g 3206289 (bedrock)

(o ey
GW1S |

invert [

continual drainage). Associated

Waste well 6487 likely exhibits isolated
waste zone (no recharge response and|_

bedrock waste well (0206189) exhibits | j{
recharge response, probably due to
rapid lateral translation via bedrock.
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Figure 3-15. Groundwater Well Response GWIS (Southeast)
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Present Landfil Proﬁle (Looking North)

Landfill Trench System—— .
WeSt GWIS Drain  Leachate Collection System EaSt

Unconsolidated \ Clay Barrier / Waste Material Seep Landfill Pond Landfil Dam  Dam Clay Core
Matenal

No-Name
Gulch

\

4 v
—/ N
>— _Weathered Bedrock

Unweathered Bedrock

Present Landfil Plan View and Profile Location -
Seep Slurry Wall Landfill Pond Landfill Dam

Profile Location

//

GWIS Drain

Leachate Collection System . Perforated GWIS Drain Non-Perforated GWIS Drain
Clay Barrier i -

Note: Flow arrows depict groundwater flow directions and are sized to approximate flow magnitudes

Figure 4-2. Present Landfill Conceptual Flow Model
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Figure 5-2. Model Focus Areas



Explanation

[E3 Mode! Boundary
Roads

Model Vegetation Distribution

[ Xeric

[C_] Wetlands

] Mesic

[] Paved

[ woody Riparian

] tandfil

Il Disturbed

[__] Mudfat

Il Open Water

B Riorep

0 100 200
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Figure 6-1. Model Vegetation Distribution
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Figure 6-2. Model Unconsolidated Material Thickness -
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Explanation

[ Model Boundary

[___] Buildings
Roads
Conductivity (m/sec)
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1E-6 - 5E-6
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0 100 200
e —
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Figure 6-4. Model Layer 1 Hydraulic Conductivity Distribution
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Explanation

NLandﬁII Dam

N & S Slurry Walis
Trench Barrier
Landfill Pond

[E=2] Model Boundary

{__] Buildings
/\/ Roads

0 100 200
e, |
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Figure 6-7. Model Subsurface Barrier Locations
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Exptanation

' Average 1994 groundwater residuals (m)
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" @ Bedrock Wells
] Model Boundary
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Residuals
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Figure 7-2. Average Model Groundwater Head Residuals - 1994
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